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|.) cage of dollars of capital are dissipated yearly 
in disearded machinery and equipment. This fig- 
ure would be many times as large but for the use of oxy- 
acetylene welding in the repair and maintenance of plant 
machinery. Much more ean be saved by still broader 
application of the oxy-acetylene welding process. 

Mf your organization is equipped to do oxwelding 
you are equipped with the most effective nreans of 
providing against preventable waste. If nof, it will 
mean money to you to investigate the pussibilities of 
oxwelding for plant maintenance and repair. 
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Welded Drums for 
Super-Power 


ted from Flay 1, 1930, issue of The 
fron Age 


Discussion of specifications for fu- 
sion welding of drums or shells of 
power vessels is reported briefly on 
another page in the account of the 
meeting of the American Welding 
Society. The expressed attitude of 
the boiler code committee is that the 
construction shall above all else be 
safe, yet by the multiplicity of tests 
proposed one suspects that the mem- 
bers of that important committee are 
by no means confident that a welded 
boiler can have the assurance of safe- 
ty reposed in riveted or seamless 
drums, and that they have turned to 
welding because developments in 
power design call for shells too thick 
to rivet and too big to forge. 

While tests are no doubt important, 
the extended discussion of testing 
technique at the Welding Society 
neglected one fundamental consider- 
tion, namely, that it is impossible to 
guarantee success in operation by 
tests on the material, on the work- 
men, or even on the completed struc- 
ture. In other words, there is no test 
for service; it is possible to deter- 
mine the excellence of a new method 
of construction, such as a welded 
boiler drum, only by using it. This 
being true, it follows that the restric- 
tive code on unfired pressure vessels, 
which has sharply limited the use of 
the new method to relatively small 
pressures and unimportant structures, 
has defeated its own end, because it 
has prevented that experience and use 
ree is the sole guarantee of con- 
1den¢ 
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newly proposed code for welded 
drums is to be welcomed, and 
be approved despite doubt as 
propriety of some of the tests, 
it will enable some of these 
essure cylinders to be made 
ed. The main question to de- 


termine, it seems, is not whether the 
proposed tests are sufficient, but 
whether they are not unduly burden- 
some and in large part meaningless 
because the results cannot be corre- 
lated with any quality of the joint, or 
any service characteristic of the com- 
pleted boiler. 

Those who would contest the pre- 
mise that tests do not guarantee 
service should remember the rail- 
road rail. Surely it is a construc- 
tional material which has received 
intense study for many years, 
yet no one can say, short of the most 
carefully conducted and _ extensive 
trials in track, whether a new steel, 
a new rolling program, or a new heat 
treatment, will be any better than the 
old standard. Examples could be 
easily multiplied. “But a rail is in 
complex service,” is no adequate re- 
buttal. Boiler drums are by no means 
simple. They must endure high and 
variable temperatures, high thermal 
gradients and stresses, they have 
numerous openings where stresses 
concentrate, they are corroded inside 
and out, they may be subject to severe 
overloads. Where is the test that 
can integrate these factors? 

The only correct way to progress 
safely in such a dilemma is to make 
haste slowly. Acquire experience 
on the small before going to the large, 
and experience with the large before 
going to the great. Such sensible pro- 
cedure is just now impossible because 
the boiler code committee has effec- 
tually limited welded construction to 
vessels in sizes which can be classed 
as pipe rather than as drums, shells 
or boilers. We do have plenty of ex- 
perience with small pressure contain- 
ers up to % in. thick and capable of 
holding several hundred pounds static 
pressure. 

Welding has been eminently satis- 
factory—of that there can be no 
doubt. We have some, but too little, 
data on manufacture and of experi- 
ence with the large units. But it is 
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too big a jump into the unknown to 
translate that meager experience into 
rules for the construction of mam- 
moth vessels with walls 3 to 6 in. 
thick, drilled with hundreds of open- 
ings,-and to carry superheated steam 
up to 1500 Ib. No seasoned engineer 
could be confident of the result, lack- 
ing experience with similar struc- 
tures of the same order of magnitude, 
even though it had received a hun- 
dred tests. 


A Correction 


Attention is called to the fact that 
an article by Mr. W. F. McKay ap- 
pearing in the May issue of the Jour- 
nal of the American Welding Society 
should have been titled “The Needs 
of the Metropolitan District for In- 
struction in Pipe Welding.” 


Welding Theory Needed 

*Reprinted from May 15, 1930, issue of 
Engineering News-Record. 

Empirical knowledge of welding as 
developed in the past eight or ten 
years has provided the basis for the 
advancement of this new method of 
structural steel jointing. In the main, 
it is possible to connect beams, gird- 
ers, columns and truss members to 
one another by welding with consid- 
erable confidence. But the theoretical 
background, the ability to analyze and 
explain, which has always been the 
ecard of other fields of science, has 
been lacking in the field of -welding. 
The reason why certain joint arrange- 
ments stood up while others failed 
has not always been easy or even pos- 
sible to explain. The attempt, there- 
fore, made by L. C. Bibber, of the 
Navy Department, as reported two 
weeks ago before the American 
Welding Society, to develop a theory 
of stress distribution in welds and of 
stress transfer through them is an 
imporant step forward. Whether the 
theory and deductions are correct in 
every respect is not vital at the mo- 
ment. The important factor is that 
something has been done to rational- 
ize welding design, and that other 
analytical minds may be stimulated 
to emulation. With abstract think- 
ing going along with actual tests 
and experience, we are bound to dis- 
cover and corroborate new facts. 
Mr. Bibber’s analysis showed that 
Jack of metal-to-metal contact be- 
tween the elements joined by a 


fillet weld does not affect the ef. 
ficiency of the joint in any way. If 
this be true, one difficulty for the de- 
signer has been eliminated. As other 
facts are determined and as stress 
actions in welds become more clearly 
understood, structures will be erected 
with more efficiency and more assur- 
ance of safety. 


Frame, Trusses, Roof and Piping to 
Be Welded in Albany Building 


Not only will the framework and 
roof trusses be welded in the new 
service building being erected by the 
New York Power and Light Corpora- 
tion in Albany, but the roof itself 
and a large part of the steam piping 
will be installed by that method. The 
new building will be 875 feet long 
and 198 feet wide, partly single-story 
and partly multi-story in design. 
Foundations have already been laid, 
steel work will begin about May 15, 
and it is hoped to complete the struc- 
ture by Sept. 1. 

About 700 tons of steel will be in- 
volved in the structure. The gen- 
eral contractor is John P. Sewell. 
The multi-story section of the build- 
ing is being erected by the Belmont 
Iron Works of New York and Phila- 
delphia, the same company which is 
erecting the Schenectady city hall 
and Y. W. C. A. 

It is estimated, in addition to many 
other advantages, that about 30 tons 
of steel will be saved by using the 
welding method. 

One of the novelties in the con- 
struction of the building will be the 
installation of an all-steel roof of the 
steel deck type, complétely welded. 
Sections of shaped steel resembling 
corrugated forms will be welded in 
interlocked positions and the whole 
covered with the usual type of roofing 
material. In addition, all stee] steam 
pipe above two inches in diameter 
will be welded. 

The new service building wil! be 
used for storage, garage, work shop, 
laboratory, blacksmith and many 
other purposes. ‘The offices of the 
engineering forces of the Albany 
engineering department of the New 
York Power and Light Corporation 
will also be there. It is expected that 
about 300 persons will be stationed in 
the building. 
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Dallas to Have Tallest Welded 
Building 


(From a news release) 

A 100 per cent welded building 19 
stories high, the tallest yet to be un- 
dertaken, is now being constructed 
for the Dallas Power & Light Com- 
pany in Dallas, Texas. The new 
structure will be used as an office 
building. 

Construction began March 15. Ex- 
cavation has been completed and 
footings have been set. The first 
steel was expected on the job by 
July 1. Steel fabrication and erec- 
tion will be done by the Mosher Steel 
& Machinery Company. Lang and 
Witchell are the architects, and R. L. 
Rolfe is structural engineer for the 
building. Frank P. McKibben has 
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been retained as consulting engineer 
in connection with the welding. 

Dallas is the largest city in the 
United States to sanction, in its build- 
ing code, the use of welding in the 
construction of buildings. So far, 79 
cities are known to have adopted 
codes which allow welding, almost all 
of which are in the south and west. 
Pittsfield, Mass., Wilmington, Del., 
Lynn, Mass., Syracuse, N. Y., are the 
only eastern cities which have taken 
this step. 

It is interesting to note, however, 
that the greater number of welded 
buildings are in the eastern part of 
the country, although the building 
codes do not nominally allow welding. 
A recent compilation shows over 50 
buildings already welded or in proc- 
ess, about 80 per cent of which are 
situated in the eastern part of the 
country. 


Section Activities 


CLEVELAND 


The annual picnic of the Cleveland 
Section was held Saturday afternoon, 
June 14, at the Samaritan Club Pic- 
nic Grounds, located at Schafreck’s 
Farm. There was plenty of enter- 
tainment, sports and good eats, and 
all agreed that the picinc was a huge 
success. 


LOS ANGELES 


The May meeting was held on the 
29th at the Engineer’s Club and was 
preceded by a dinner at 6.30 p. m. 
The meeting was-brought to order by 
the chairman; who gave a few open- 
ing remarks on Big Business and 
The Worker. Frank Longo, welding 
supervisor for the Southern Pacific 
Railroad, gave a very interesting pa- 
per on Fusion Welding as Applied to 
Railroad Work. In this paper Mr. 
Longo spoke of all the places where 
welding was the standard practice of 
the S uthern Pacific company. 

C. J. Myquist presented Mr. Wana- 

maker's paper of September, 1917, of 
the Western Railway Club. 
_ A short talk on what is being done 
in weiding in relation to airplane 
motors was given by Mr. Richardson 
of the Kinnear Airplane Motor Co. 

Exc lent entertainment was fur- 


nished by Mark Levy, of the Pacific 
Copper & Brass Company. 

There were about 50 members and 
50 guests present. C. C. Watson 
showed moving pictures of the erec- 
tion of the welded steel work of the 
new Edison Building now being com- 
pleted in Los Angeles. There was a 
very heated discussion on different 
phases of welded joints and welding. 


PITTSBURGH 


The last meeting of the Pittsburgh 
Section was held April 29 at the Car- 
negie Union Building, Carnegie Tech- 
nical School, at which over 300 weld- 
ing engineers, operators and students 
gathered to witness the presentation 
of a four-reel talkie motion picture on 
Atomic Hydrogen Welding shown 
through the courtesy of the General 
Electric Company. The picture was 
secured throuch the efforts of P. L. 
McClure, of the Pittsburgh office of 
the General Electric Company, and 
was presented by W. R. Gray and 
J. W. Sholder, representatives from 
the Philadelphia office. 

After the showing of the picture 
Mr. Gray was kept busy for over an 
hour answering the numerous ques- 
tions raised by those in the audience. 
As a result of this lengthy discussion, 
every one obtained a rather complete 
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knowledge of the possibilities and lim- 
itations of welding with the atomic 
hydrogen process. 

Professor S. E. Dibble, of Carnegie 
Tech, cooperated with the officers of 
the Pittsburgh Section in securing 
use of one of the large lecture rooms 
in Carnegie Union, and also in invit- 
ing to the meetins those who attend 
his day and night welding classes. 

The new officers of the Pittsburgh 
Section for the year 1930-31 were an- 
nounced as follows: Chairman, L. R. 
Gurley, editor of Welding; Vice- 
Chairman, Edward L. Quinn, super- 
intendent of welding, Jones & Laugh- 
lin Steel Company; and Secretary- 
Treasurer, J. F. Minnotte, Minnotte 
Brothers, Inc. 

On motion it was resolved to elim- 
inate the regular May meeting in ad- 
dition to the regular meetings of June 
and July, and to resume with a reg- 
ular meeting some time in September. 
This was done to enable the new offi- 
cers to familiarize themselves with 
the work and to enable them to pre- 
pare their plans for an enthusiastic 
meeting at that time. 


NORTHERN NEW YORK 


The Northern New York Section 
elected the following officers for the 


term of 1930-1931: Chairman, L. R 
Beers, General Electric Company: 
First Vice-Chairman, V. J. Chapman: 
Second Vice-Chairman, 0. A. Tilton: 
Secretary, F. M. Jefts; Treasurer, § 
Martin, Jr. 


NEW YORK 


The New York Section held a very 
successful inspection trip to Port 
Newark, N. J., on June 14, t - pect 
the welding on the Westinghouse 
Electric & Manufacturing Com mpany 
warehouse and service building which 
is in the course of erection under per- 
sonal guidance of Gilbert D. Fish, 
consulting structural engineer of the 
Westinghouse company. The build 
ing data is as follows: Ground area, 
69,000 sq..ft.; height of building, 2 
stories; live load, 250 Ib. per sq. ft.; 
number of cranes, 6; capacity of 
cranes, 1 to 15 tons; roof trusses, 30 
ft. and 60 ft. spans; weight of stru 
tural steel, 1,060 tons, and method of 
construction, 100 per cent welding. 
Those who participated in this trip 
were brought to and from Port New- 
ark by busses. Transportation was 
provided through the courtesy of th 
Westinghouse Electric & Manufactur- 
ing Company and The America! 
Bridge Company. 


Contributors to This Issue 


R. J. Gillette, author of the paper on “Resistance Welding,” is in charge of 
development design and factory production of Resistance Welding and Braz- 


ing, Works Laboratory, General Electric Company. 


years in the“development of the fabrication of tungsten ignition contacts and 
X-ray parts, and the development of copper brazing of steel: ott ved the 
welding die facing material called “Elkonite.” He received the C. Coffin 
Award in 1928 issued by the General Electric Company for he ents | 
methods of spot welding of similar metals. 


R. D. Thomas, author of the paper on “Arc Welding of Stainless and Cor 


rosion Steels,” 


graduated from Cornell University with a degree in M. E£. 


For more than ten years he was connected with the engineering work of th 


Bell Telephone Company in Pittsburgh and Philadelphia. 


In 1918 he was 


Assistant Director of the University of Missouri in charge of the t) aining 


of draftees in fields of telepathy and telegraphy. 


In 1919 he organized the 


R. D. Thomas & Co. sales organization for the sale of electric furnaces an¢ 


are welding equipment and supplies. 
phia Section of the American 
man during 1926-28. 


He has been a member of the Philadel- 
elding Society since 1920 and was its Char 


He has devoted eighteen’ 
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Discussion of Technical Papers 


Presented at Annual Meeting of the American Welding Society 


WEDNESDAY MORNING, APRIL 24, 1930 


Discussion paper on “Distribution of Stresses in Fillet Welds,” 
by L. C. Bibber, Bureau of Construction and Repair, U. S. Navy De- 
partment. 


Chairman H. L. Whittemore, U. S. Bureau of Standards: Welding 
will be recognized as a distinct branch of engineering when the funda- 
mentals have been crystallized so that engineers can design structures 
and fabricate them safely and economically. If you look back over 
the papers that have been presented at the meetings of the Welding 
Society, which is the greatest forum of welding in this country, you 
will find that there has been an increase in the number of papers 
which give the fundamentals for any welded structure. We have 
many papers of that kind at this meeting. 


The first paper on this morning’s program is the “Distribution of 
Stresses in Fillet Welds,” by L. C. Bibber, Bureau of Construction and 
Repair, Navy Department. I think Mr. Bibber has made one of the 
first analyses, as far as I know, of the stresses in fillet welds from 
the standpoint of the engineering mechanics. 


(Paper read by Mr. Bibber.) 


You have all heard this splendid paper which is the result of apply- 
ing theory. I hope none of you will get discouraged following some 
of the mathematical work. If you will get out your elementary mechan- 
ics you will find the difficulties clear up very rapidly. If Ericcson at 
the time he designed the Monitor, had dreamed that metals might 
sometime be fused together he could have worked out most of this 
mathematical discussion and determined just what type, shape and 
size of fillet weld would give the best results. The remarkable thing 
is that most of our experiments, as Mr. Bibber says, confirm theory. 
If the theory had come first we should have made more rapid progress 
in welding, 

Chas. H. Jennings, Westinghouse Elec. & Mfg. Co.: The question 
of computing fillet weld stresses has become a most important and live 
subject to the welding engineer. At the present time there are three 
meth s for computing stresses in transverse stressed fillet welds and 
the maximum variation of stress values obtained for a given weld and 
load is about 41.5 per cent. 


The most common method now in use is to divide the throat area of 
he filet by the load transmitted by the fillet. This method was first 
Propo. d by H. Dustin®* and was based upon experimental results and 


a tin, Congress International pour l Essai Matriaux, Amsterdam, 1927. 
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photoelastic tests which indicated that the throat of the weld was sub- 
ject to pure tension. 


The equation for the stress by this method is 
1.414 P 


s6s= 
bt 
where 
= the throat stress 
= the load transmitted by the weld 
= the length of weld in inches 
= the leg of the fillet in inches 


The second method for computing stresses in transverse fillet welds 
is more or less a continuation of the previous method except that a 
tensile and shear force are considered to be acting across any plan 
section passing through the fillet**. The resultant principal stress 
produced by these tensile and shear stresses is considered as the stress 
to produce failure in the weld. The critical plane as found by this 
method is at an angle of 48'2° in place of 45° (weld throat). Th 
variation in stress for the two planes, however, is only '% of one per 
cent; therefore the weld throat can be considered the critical section 

1.618 P 
By this method ——_ 

bt 

The third method which has just been presented by Mr. Bibber 
gives a value of stress equal to 

2P 
s=— 
bt 


Inspection of the above three formulae show that there is a large 
discrepancy in the results. 
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It is not advisable at this time to attempt a lengthy discussion 0! 
the mechanics of all three methods to show which is more nearly 
correct, but I would like to mention a point in connection with Mr 


Bibber’s solution. 


Considering the solution from the standpoint of static equilibriu™ 


**British Engine Technical Report for 1928, p. 26. 
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the external forces acting upon any section of the connection must 
be in equilibrium. 


Isolating member A and applying the external forces which are 
considered in the paper, the condition shown in Fig. 1 is obtained. 
From this figure, it is evident that the member is not in static 
equilibrium, due to the unbalanced couple Pe and the unbalanced 
vertical foree Q. If, however, it is considered that a vertical force 
is transmitted along the surface O-V due to the pressure between 
the overlapping parts (no mention is made of this force in the paper, 
although it is actually present), there will be an additional bending 
moment present which tends to counterbalance the moment Pe. This 
force will also. partly balance the vertical force Q, but one has no 
basis for assuming that it will entirely balance the force Q. 


It is evident, therefore, that the above system of forces is not 
in static equilibrium even when considering the force transmitted 
between the overlapping surfaces. For this reason, it is the writer’s 
opinion that the solution just presented is not entirely satisfactory 
from the standpoint of static equilibrium, and therefore it is reason- 
able to assume that it will not furnish satisfactory results. 


L. C. Bibber: I am very glad that Mr. Jennings mentioned the 
Report of the British Engine, Boiler, and Electrical Insurance Co., 
Ltd., of Manchester. This report. appears in the May issue of the 
Journal of the A. W. S. It was also read before the Northwestern 
Branch of the Institution of Mechanical Engineers, and reprinted in 
London Engineering. In this report certain theories are advanced 
concerning the strength of fillet welds in tension. But the author, 
Mr. Schuster, has assumed that the fillet weld, such as is shown in 
Fig. 1 of my paper, is in equilibrium. Such is not the case; two 
additional forees are necessary to produce equilibrium. These are 
indicated by the vectors Q. It would probably be better to show 
these as external forces as well. 


It was due to the fact that I was unable to agree with the ideas and 
conclusions advanced by Mr. Schuster that my own investigation of 
these conditions came about. In the discussion following the pres- 
entation of Mr. Schuster’s paper before the Northwestern Branch of 
the I. M. E., Mr. R. W. Bailey also took exception to Mr. Schuster’s 
statements and presented vector diagrams similar to those in my 
paper. The theory which I have presented also has the advantage 
of being considerably simpler than that proposed by. Mr. Schuster. 
was stated in my paper the principal reason for advancing 
theories was to bring out discussion that would aid in the 
lishment of an acceptable theory for the strength of welds, 
| hope that this paper has furthered that object in some degree. 


G. O. Carter, Consulting Engineer Linde Air Products Co.: It 
to me that you are acknowledging that the weak point is the 
Design the contour of the weld so that you have full pro- 
against the burning of the corner, and you are protected if 
ive an inspector who wi!l see that the weld is placed properly. 
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There are possibilities that the weld will get entirely off center. |; 


for instance, the welder burns back the corner or edge of the materia]. 
you only have a little throat. If you have a bench mark to know 
where the weld ought to come, either in the reinforced type of fillet 
or the other, you then have something to go by. We found need of 
this by testing full section of pipe of rather large diameter (16 and 
18 inches) and invariably the break would occur in the zone of the 
thin throat. So we said, “Why have that shape? Why don’t we 
have a weld that will transmit the full stress?” Since that time in 
all of our designs, you will find that we advocate the reinforced type 
of joint. 


Chairman Whittemore: I think you ought to put that in mathe- 
matical terms and contribute it to the discussion of this paper, so 
it will all be together. Otherwise a fellow has to go to work and 
guess as to how much hump to put on the fillet there and figure it 
out for himself. 


Mr. James W. Owens, Newport News Shipbuilding and Dry Dock 
Company: The points brought out by Mr. Carter, while excellent, 
have their practical limitations, for instance, as the throat of a fillet 
weld usually determines its strength, it would be very desirable to 
use its depth as a measurement of weld size, but practical experience 
has shown that the length of leg is preferable as it is more readily 
measured. Again, it would be very wasteful in time, labor, and filler 
metal to make all joints of 100 per cent efficiency by the use of the 
form of fillet weld suggested by Mr. Carter, when the lower efficiency 
of a “standard” fillet weld fulfills the usual design requirements. | 
would suggest, therefore, that the form of weld suggested by Mr. 
Carter be only used when it is essential that the transverse fusion 
zone be lengthened in order to secure the required efficiency. 


Mr. Bibber’s paper is very timely and will be of value to designers. 
In presenting his theory of stresses in welds, it was necessary for 
him to select some specific values, however, as the physical character- 
istics of weld metal differ with the process and filler metal used, it 
will be necessary to prepare a set of tables for the various arc and 
gas processes and types of filler metal. For example, it was only a 
few days ago that comparable paralle! shear tests of fillet welds made 
by me indicated that higher values were obtainable with bare than 
with covered electrodes, even though butt welds made with the 
covered electrode had a higher tensile strength and ductility than 
butt welds made with the bare electrode. 


In riveting practice, it is considered essential to have the faying 


surfaces in intimate contact before riveting, as the efficiency 0! the 
riveted joint is largely dependent on the friction of these suriaces. 
In welding practice, on the other hand, even though friction not 
considered as contributing to the strength of the joint, the average 
inspector, trained in riveting practice, invariably insists that welded 
joints be assembled with the extremely small tolerances require: for 
riveted joints, with the result that the costs of welding are unnece’ 


sarily increased. 
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It was only recently that I discussed this subject with Sir Joseph 
Isherwood, and no argument that I could present would convince him 
that metal to metal contact was, in general, not necessary in weided 
construction, particularly when moisture was excluded from the fay- 
ng surfaces of lap and tee joints by the use of continuous welds. 


As Mr. Bibber’s mathematical analysis indicates that metal to 
metal contact of the faying surfaces does not appreciably influence 
the strength of a fillet weld, we should use this information to con- 
vince naval architects and inspectors that a tolerance of 1/16 in. and 
even 'e in. between the faying surfaces of many welded joints is 
permissible. 


Mr. Bibber. attempts to show theoretically how penetration at the 
root of a fillet weld increases its efficiency, but I doubt very much 
whether we should take this into consideration in our design require- 

nts, for such penetration can not be depended upon unless a small 
electrode is used at the root of the weld when metal arc welded, and 
the faying surfaces are spaced apart at least 1/16 of an inch when 
gas welding is employed. 


Mr. J. C. Lineoln, Lincoln Electric Co.: In the case of the second 
sketch on the board, when bare wire was used and brittle weld metal 
was used, he got a higher tensile strength than when the same joint 
was made by the use of ductile weld metal. That result is different 
from what I would expect, and I would like to have Mr. Owens give 

1 little more detail as to how that joint was made and what the 
different strengths were. 


Mr. Owens: The test referred to was of a specimen, recently sub- 
mitted by Mr. Farmer as a suggested specimen for determining the 


shear value for fillet welds parallel to the direction of stress. One 


specimen (A) was welded with covered electrodes and another srpeci- 

was welded with bare electrodes. Two other specimens (B) 
also tested so as to obtain a specimen which would be narrow 
enough to go within the jaws of the testing machine. 


were 


Mr. Lincoln: How much did the shear values differ? 
Mr. Owens: The results of the tests are as follows: 


Pounds per Linear Inch 
Bare Electrodes Covered Electrodes 
13,625 12,966 
12,133 10,386 


Prof. C. A, Adams, Harvard University: I would like to point out 
the possible difference between the two cases mentioned by Mr. 

; one where the fillet is between two plates which are close 
together, and the other where they are slightly separated. If the 
plate are close together, you have a mass of hot metal deposited 
Which shrinks against rigidity and leaves stresses in the deposited 
met whereas when the plates are slightly separated the shrinkage 

nst a yielding structure and you are not so likely to leave 
s in the cooling metal at the joint. There is another factor, 


Owe 


is < 
a 
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too, and that is that you actually have more weld metal in the case 
where the plates are separated from each other. 


I would like to say just a word in regard to this general field of 
theoretical investigation. Some of our practical men, doubtless, are 
inclined to think that it is all nonsense and that we must depend 
only upon test results. We do have to depend upon test results, but 
the man who has in his mind a clear picture of the phenomena and 
a clear understanding of the stress distributions can undoubtedly 
design a structure with the aid of such experimental data as may be 
available, much more soundly than the other man. It is always in- 
teresting to know the reason why, and the man who knows the reason 
why, who can, after an experimental result say, “Yes, that is why this 
happens,” can hang that bit of evidence on its proper hook in a 
systematic scheme of knowledge, rather than merely having an arbi- 
trary bit of information which is not connected with anything in 
particular, has a tremendous advantage. Jt is a great pleasure to 


me to see the Welding Society getting into this field of more accurate 
analysis. 


It is obviously impossible to calculate stresses accurately. Tak 
some of Mr. Bibber’s work—you have to assume that the two pieces 
have the stress applied uniformly over the ends of the pieces, or 
that it is applied in the center. 


In other words, you have to make some assumption. 


Now, neither of those assumptions is absolutely correct. The 
jaws of an ordinary testing machine slip, they grip and slip in spots 
and no one can possibly tell how the stress is distributed. 


It is thus impossible to carry these theoretical calculations to 
their limit. No engineering mathematical solution of any problem is 
exact. There are always approximations; there are always assump- 
tions; but, the man who has some understanding of the principles 
involved, the man who can explain why, with a ductile weld in the 
case of a double batten joint with fillet welds, the more ductile type 
of deposited metal gives a lower tensile strength than the more rigid 
type. There is a reason for it and the man who understands that 
reason can design his joints far more intelligently. 


Mr. Hobart: Somebody spoke of Mr. Isherwood’s opinion that for 
such a welded joint it will be necessary to have the surfaces fit as well 
as for a riveted joint. Will Mr. Owens tell us Mr. Isherwood’s reaso! 
for this opinion? 


Chairman Whittemore: That is a thing that ought to be looked int’ 
Mr. Owens says perhaps you can convince the inspector that you don’ 
have to have the faying surfaces in contact if you have enough theor) 
Well, you better have some tests too. I don’t think Mr. Owens would 
object to having tests made, because sometimes you can’t get very 
far with just theory. If your theory and tests agree, you are in 4 
pretty safe position. 


Mr. Owens: I gathered that his chief objection was lack of frictio" 
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between the faying surfaces when not in intimate contact. However, 
as | have pointed out, this is not a factor in welded joints, as the 
welds should be of a size and continuity to develop the strength of 
joint required. In so far as corrosion is concerned, this is also not 
a factor, provided the joint edges are sealed with continuous welds, 
although it might be a factor if one of the welds is intermittent, and 
the joint is located where corrosion is likely to be pronounced. 


Chairman Whittemore: Make tests and find out about it. Perhaps 
Prof. Adams’ idea can be proved, i. e., that the weld in which the 
faying surfaces are not in contact is stronger. If so, you can use 
this as a lever to attain your ends. 


Mr. Owens: As a better penetration can be obtained there is an 
advantage in not having the faying surfaces in intimate contact. 

Chairman Whittemore: That would come into Mr. Bibber’s analysis 
very much. 


WEDNESDAY AFTERNOON, April 23, 1930 


President F. T. Llewellyn, U. S. Steel Corporation: We are very 
fortunate in the gentleman who has been willing to act as chairman 
at this session of our Society. It will. be presided over by Mr. F. R. 
Low, Chairman of the American Society of Mechanical Engineers’ 
Boiler Code Committee, and Editor Emeritus of Power. 


Chairman F. R. Low, Chairman A. S. M. E. Boiler Code Committee: 
Mr. President and Members: I am fortunate in being allowed to 
preside over this occasion. I am fortunate in being able to meet you 
and being able, perhaps, to learn something of the perplexing prob- 
lems that are bothering the Boiler Code Committee with respect to 
welding. I think perhaps we should be a little more sociable and 
easy, and the meeting would take on a little more free and easy 
character if those who were in the back seats would come forward 
that we might not be in the position of getting up and making 
speeches, but just talking. 


Discussion paper on “Construction and Operation of a New Type of 
Welded Lime Stone Kiln,” by H. E. Rockefeller, Development Depart- 
ment, the Linde Air Products Company. 


(Mr. Rockefeller presented his paper). 


Mr. J. C. Lincoln, Lincoln Electric Co.: I would like to ask one 
question. What precaution, if any, did you have to take in taking care 
ol the distortion caused by the heating flame in making a circum- 
ferential weld on those big kilns? 


Mr. H. E. Rockefeller, the Linde Air Products Company: The dis- 
tortion is usually less than it is in longitudinal seams. There you 
have to take care of the longitudinal contraction which tends to bow 
the seam longitudinally. In the girth joints it is the same as in weld- 
ing pipe. The cylinder tends to go out and come back again and 
Consequently there is no distortion to amount to anything in the cir- 
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cumferential joint. We welded ten-foot diameter seams by the same 
method and we never had any trouble. 


Mr. J. J. Crowe, Air Reduction Sales Company: I would like to ask 
Mr. Rockefeller what considerations led him to adopt the double y 
weld for the circumferential seam and the single V for the longitudina| 
weld. 


Mr. Rockefeller: I thought I covered that in the paper by indi. 
cating that the stresses on the circumferential seam in this particular 
construction were greater than they were on longitudinal seam, be- 
cause the kiln shell acted as a beam and the greatest stresses are in 
the circumferential direction. 


Mr. Crowe: Would it have cost any more to make the double V 
longitudinal weld? 


Mr. Rockefeller: We have found that it is possibly slightly mor 
expensive to make the double V weld. As a matter of fact, the use of 
the single V joint there with the finished weld on the inside, was 
acceded to at the request of the manufacturer in this case, and | am 
not positive whether it cost less or not; however I think it has worked 
out in this instance to be slightly less expensive than the straight 
double V construction. 


Mr. Crowe: It really is a double V weld. 


Mr. Rockefeller: It amounts to that except that your center is not 
located at the center of the joint. 


F. E. Rogers, Air Reduction Sales Company: I was not in at the 
beginning of Mr. Rockefeller’s paper, and perhaps he covered this 
question. But I want to ask: What spacing do you find necessary 
between the ends of the sections in making the girth weld? 


Mr. Rockefeller: In spacing the seams to the girth joints on a nine- 
foot diameter, the seam is spaced approximately ‘42 of an inch before 
it is tacked. We depend upon the wedge clamps as much as we do the 
tack welds to restrain contraction during the welding, and it is the 
restraint of that contraction more than it is the initial spacing that 
gives you the proper job on the girth seams. 


Mr. O’Reilly: I would like to know if the double V was adopted 
there because it is stronger than the single V? 


Mr. Rockefeller: Yes, the double V weld was specified for girth 
joints, as it is always specified for pressure vessels that have been 
built under our supervision because it is considered by us to be the 
most satisfactory joint. We will qualify men on single V and double 
V welding, but invariably the double V results for the same man will 
give a higher tensile strength than the single V weld. If you have 
any imperfection it is usually at the bottom of the V. If you use a 
single V weld, failure will usually initiate through that imperfection 
at the bottom of the V. Where you have a double V weld, the bottom 
of the V is located in the center of the plate and when you make the 
double V you have the chance to clean out any imperfection that may 
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have occurred in the bottom of the first V and make a sound weld, 
and if there is any imperfection still remaining there, it is not on 
the surface of the plate where it will initiate fracture. 


Mr. J. W. Owens, Newport News Shipbuilding & Drydock Company: 
The relative values of single V and double V welds come up at every 
convention. In my opinion, the reason why a double V is frequently 
rreferred to a single V weld is probably because fewer failures of 
double V welds have occurred. If my assumption is correct, the 
fewer failures of double V butt welds is probably due to the fact 
that the shape of a double V weld insures that reinforcement is 
provided on both sides, whereas a single V weld is usually only rein- 
forced on the open side of the V. When a single V weld is also 
reinforced at the root and its total throat section is equivalent to 
that of a double V weld, it should be equally as strong. This has 
been demonstrated by numerous tests made by me. It is probable 
that a double V weld might be stronger than a single V weld when 
tested with the reinforcement ground off due to the tendency of the 
wedge shaped sections of base metal adjacent to the root of a single 
V weld to elongate and tear away in the fusion zone. I have noticed 
this characteristic when single V welds were being tested. 


Discussion of “Proposed Specifications for Fusion Welding of Drums 
or Shells of Power Boilers.” 


Chairman Low: The remainder of the session will be devoted to a 
discussion of the Proposed Srecifications for Fusion Welding of 
Drums or Shells of Power Boilers. I am going to ask Mr. Obert, the 
Honorary Secretary of the Boiler Code Committee of the American 


Society of Mechanical Engineers, to introduce the subject or to tell 
how it came about. 


Mr. C. W. Obert, Honorary Secretary of the Boiler Code Committee: 
The A. S. M. E. Boiler Construction Code was formulated in 1914 
without provision in the Power Boiler rules for fusion welding other 
than applications where the stress or load is carried by other construc- 
tion and where the safety of the structure is not dependent upon the 
strength of the weld. As a result, the Boiler Code Committee has 
been in receipt of many petitions for modification of the rules which 
would allow greater use of fusion welding. The Committee held, 
however, for a long time to the policy of waiting until welded con- 
struction could be adequately tried out in unfired pressure vessels, 
where it was expected practices and procedures would be developed 
that could be considered for use in boiler construction. 


The recent rapid development of higher working pressures and 
operating temperatures in the steam boiler field has, however, changed 
the situation materially. Both riveted and forge welded construction 
have proved inadequate for boiler drums or shells to operate at 
pressures from 900 lb. to 1500 Ib. unless the diameters are kept down 
to impracticable limits. In addition, the note of alarm that has spread 
throughout the boiler industry during the past few years as a result 
of the so-called “caustic embrittlement” failures, has spurred great 
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interest in fusion welding as a possible means of elimination of riveteq 
joints in which this trouble is most noticeable. Furthermore, there 
have been rapid developments in the past few years in the fusion 
welding of plate thicknesses in excess of 2 in. and this appears to 
point to the solution of the problem. 


This changing situation in the boiler field has brought urgent re- 
quests to the Boiler Code Committee to provide in its Power Boiler 
Code for welded construction of drums and shells. Several concerns 
are known to be prepared and ready to weld such shells and drums 
of practically any size and plate thickness, and accordingly the Com- 
mittee has been willing to consider proposed specifications for such 
fusion welding practice when submitted. Such proposals were made 
at the September, 1929, meeting of the Committee, and the specifica- 
tions submitted have since been given careful consideration jointly 
by the American Welding Society and the A. S. M. E. Boiler Code 
Committee. The subject has been considered to be too important, 
however, to act upon precipitately, and, before further preliminary 
work is done thereon, it was felt that they should be published and 
the benefits of general discussion thereon obtained. The specifications 
have, accordingly, been published in the March issues of the AMERICAN 
WELDING SOCIETY JOURNAL and the A. S. M. E. Mechanical Engineering, 
and with the permission of your Board of Directors, they are here 
submitted for your critical comments. 


(Mr. Obert read the proposed specifications). 


With his rare combination of exhaustive knowledge of the science 
and fundamentals of the subject and an acquaintance and intimate 
contact with the practical application of those principles, Prof. Com- 
fort A. Adams, Lawrence Professor of Engineering at Harvard, has 
been of immense service to the Boiler Code Committee in particular 
and to the industry in general in the troublous times that welding 
has been going through and he has consented to open this discussion. 
I have great pleasure in introducing Prof. Adams. 


Prof. C. A. Adams, Harvard University: There are two possible 
methods for the determination of the quality of a weld, or, rather, 
for assuring ourselves that a weld is satisfactory for the purpose in 
hand. One of these is a careful specification of the procedure, the 
technique of the job, making sure that proper materials and proper 
technique is employed, and proper inspection; the other is to subject 
the completed structure to a series of tests, the passing of which will 
positively determine its suitability for the purpose in hand. 


In the early days we heard over and over again the question, well, 
how do you know that this weld is good? It looks all right on the 
outside, but it may be rotten inside. Have you any method of telling 
us, of helping us to determine whether or not it is good? In the 
early days there was no such method except to test it to destruction. 
My interest in these specifications is due wholly to the fact that they 
are test specifications rather than procedure specifications. It is very 
difficult to be sure that the welder is going to follow exactly a certal! 
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set of instructions. It is very difficult to be sure that the welding 
wire is what it claims to be. 


So that if there is any method of subjecting the completed structure 
to such tests as will give us absolutely certain information as to its 
effectiveness, we certainly ought to use those tests wherever possible 
unless, of course, they become too onerous or too expensive for the 
manufacturer. 


In this particular field, however, the structures are large and ex- 
pensive and the tests proposed here, while possibly more complete 
than may prove necessary after long experience in this line, they, 
nevertheless, are not unduly onerous and they are all tests which 
can be and have been applied. 


My own feeling is that there are several of the tests in these 
specifications which might be omitted, but I feel pretty strongly from 
actual experience with breathing tests and their results that the 
breathing test is the most essential of them all. 


Let me say just a word in regard to that test. If there is any point 
in the weld or in the parent metal where, due, we will say, to a slag 
intrusion in the weld, it becomes the seat of concentrated stress, if that 
concentration is sufficient, continued repetition of the applied stress 
will start a fatigue failure. This starts at the defect in question, 
grows gradually, and after hundreds or perhaps thousands of appli- 
cations, the crack extends from the source through the wall and, if 
water is being used, a little spray will come through when the vessel 
is under its maximum pressure. 


It is obvious that this test might initiate such a failure without 
external evidence, and that when put into service the vessel might 
fail after a relatively small number of additional applications. 


We now have, however, methods of determining whether or not such 
fissures as I have described have been started. There are several 
methods which I will not describe. They were described before our 
meetings last fall. 

The results of extended experimental work in the application of 
these methods are such as to warrant our conviction that the initiation 
of the fatigue failure by the breathing test can be detected. 


Moreover, by the application of these non-destructive tests, both 
befor and after breathing test, we are not only sure that the weld 
vas originally sound, but also that the breathing test has not started 
any trouble. 


Fin ily, I am convinced that the result of all of our research and 
explor ition work, all of our attempts to insure quality in welds, is 
song to yield test methods which can determine the quality of the 
‘ompleted structure without any reference whatsoever to the method 
which has been employed in building it. 

, -hairman Low: Mr. Jasper, Director of Research of the A. O. 
Company of Milwaukee, has also consented to discuss the 
specifications. 

- McLean Jasper, A. O. Smith Corp.: The proposed Code is the 
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first attempt to bring into use fusion welding for power boilers and 
is a step along the line, which is sure to be utilized in the future for 
such equipment. 


That the art is not new, and that proper welding is entitled to this 
recognition, is strongly brought out by the fact that the Company | 
represent has in service over 1200 vessels which operate under more 
severe conditions than those encountered in steam service. Some of 
these vessels have been in continuous service now for nearly five 
years. It seems to me that this would be enough reason for the steam 
user to likewise make use of fusion welding. It is hoped that it is 
not far distant when he will avail himself of the resultant advantages. 
As for the proposed Code, there are some points which I think could 
be improved upon, and which then would have a still greater effect in 
insuring that only safe and dependable equipment can pass and be 
put in service. 


Test Plates 


The first point is with reference to the requirement that test plates 
be attached to the cylinder. It is my belief that such a weld specimen 
will not necessarily indicate the quality of the weld in the cylinder 
proper. At least this is true for the arc welding process, because of 
the effect of the magnetic flux in the proposed test plate, and because 
of the manner in which it is attached to the cylinder. A more appro- 
priate method of producing arc welded specimens is to weld them as 
a detached piece using the same personnel and equipment as that used 
on the vessel. 


Final Tests of Vessels 


There is no provision in the code for the final testing of fusion 
welded vessels, which will indicate the quality of such vessels, except 
the fatigue test. From published information the fatigue tests avail- 
able show up the quality of the design rather than the quality of 
the weld. 


The speaker does not believe that the boiler problem is truly a 
fatigue problem. Had this been so, the present general method of 
boiler construction would have shown it up as such a problem long ago, 
and fatigue tests would have been adopted as a general testing method. 
If at this time it is considered that boilers are a fatigue problem, 
then all boilers should be so tested. 


It should not be overlooked, however, that the final test of a steam 
vessel is very important and can be used to indicate not only the 
quality of the work of fabrication, but that of the design as well. lt 
is a simple matter to coat all suspected weak parts in designs with 
lime wash and thus discover if, at an adequate test pressur: the 
vessel suffers undue deformation. It is believed also that all welds 
should be adequately hammered under pressure which is not pro 
vided for in the proposed specification. 


Chemical Analysis 


Another point on which I wish to comment is the proposed chi 
analysis of the weld material. It seems that the matter of nit 
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is presumed to take care of the question of ductility in the weld. | 


to be the thing which effects the ductility. Analysis for oxygen is very 
dificult te make, however, and as a matter of fact, no practical method 
viving a good degree of consistency has been devised. Yet, oxygen 
analysis would be fully as essential as nitrogen analysis, and the 
latter alone can at the best only tell half the story. 


Physical Tests 


What we are after in a vessel is strength, ductility and high impact 
ilue of the weld metal, so why not take these physical values as the 
measuring stick for quality? It seems that it would be perfectly 
practical to rely on the strength, ductility, and impact values to in- 
dicate the quality of a weld, and not on something which is only a 
partial tool for measuring this quality. 


The qualities of a weld which are most desirable next to strength, 
an be measured by its ability to conform to small adjustments of 
shape and to absorb energy in case of emergency. The physical tests 
which best define the two last qualities are ductility and impact tests. 
The strength of a weld, therefore, suggests the taking care of load 
r pressure under ordinary operation, while the last two values are 
‘mergency or service factors. 


1 the matter of elongation, it is obvious that the percent elonga- 
in eight inches is less than in two inches, and very much less 
in 4% inch across the most stressed or fractured section. Some 

ur steels have elongations of 75 to 100 per cent in ‘% inch length 
ss the break, on a % inch diameter cylindrical specimen. If we 
the elongation of these steels over 8 inch lengths, it means 
ewhere in the neighborhood of 30 per cent. The proposed method 
btaining the per cent elongation in the weld accordingly will give 
which are not comparable to what the industry is used to, 
dealing with steel. An elongation of 15 to 20 per cent in two 
hes of a 4% inch cylinder or 15 to 20 per cent in four diameters for 
irical specimens of less diameter is comparable with what we 
been used to. This proposed specification, to my mind, covers up 
rue value of ductility in the weld, and has the quality of lacking 
nest clearness. The only way to obtain the true elongation of 
eld metal is to use an all-weld specimen and take the measure- 

na standard length. 


proposed code requires that the pull specimen across the weld 
break in the plate or have a strength equal to the minimum 
th specified for the steel used. In other words, the joint must 
the plate in strength. Then, what is the logic in allowing only 
cent joint efficiency? 


of Safety 


rding the factor of safety. The proposed specifications demand 
al factor of safety of 5. It is safe to say however, that the so- 
factor of safety of 5 in our present power boilers is largely 
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elusory. Yet with proper design, which gives equal strength to al! 
parts of a vessel, the real factors of safety can be materially increased 
and still have a decrease in the weight of the vessel. The locomotive 
boiler design is based on a factor of safety of 4, which, with the 
curious shapes used and with stay bolts, etc., there is every reason 
to believe that it will be considerably less than 3. 


Tube Holes 


One of the paragraphs in the proposed new code states that no holes 
shall be place in or even close to a weld. With the demands for 
quality in the weld, this again shows reluctance to take advantage of 
the weld strength, which is plainly specified in the proposed code and 
presumably can be demonstrated. It clearly shows lack of faith in the 
ability to weld, lack of faith in the ability to test for what is de- 
manded, and lack of faith in the ability to tell whether a weld is good 
or bad after the demanded test results are obtained. In other words, 
it is as if you ask for an apple and nothing else, and then admit that 
you cannot tell whether it is an apple you get when it is handed to you. 


Suggestions for Modifying the Proposed Code 


I take the liberty to make some suggestions, which might be used 
to modify certain parts of the proposed specifications or be added to 
clarify the requirements which, it is presumed, will help to develop 
the application of welding so as to produce the safest possible struc- 
ture. 


Suggestions for additions or modification to the proposed Code for Powe) 
Boilers 


1. Material 


(a) Cropping 50 per cent. 

(b) Manganese .40-.70 per cent. 
Sulphur not over .040 per cent. 
Phosphorus not over .045 per cent. 

(c) Strength according to the steel specified. 


2. Design 


(a) Shape to be such that the construction is equal to 100 per 
cent of the cylinder strength value. 

(b) True elliptical heads used in a convex manner and with the 
major axis equal to twice the minor axis. 

(c) Reinforcing of all openings in the vessel wall. 

(d) Factor of safety of at least 3 on most stressed section. 


3. Fabrication 


(a) Welded joint—100 per cent of minimum strength specified 
for the plate material. 

(b) Elongation: minimum 20 per cent in four diameters of tes! 
cylinder, using all weld material for the specimen. 

(c) Material adjacent to weld as strong as the minimum speci 
fied for the plate. 
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Impact value of weld to that of the plate material with a 
minimum value of 20 ft. lb. (Charpy Machine). 

(e) Test samples from test plate equivalent to that offered in 
vessel. 

(f) Heat all plates, 1 in. or over in thickness, before rolling 
into cylinder. 

(g) Specify that vessels above 1 in. in thickness should be 
heated to relieve fabrication stresses. 

(h) Specify a limit for out-of-roundness of cylinders. 

(i) Specify a limit for out-of-straightness. 


4, Testing of Finished Vessels 


(a) Test all vessels to a stress value based on minimum yield 
point allowed in specifications for the steel. 

(b) Subsequently hammer at 75 per cent of above pressure with 
a blow proportional in foot pounds to the weight of 1 sq. 
ft. of the vessel wall. 

Apply lime wash to all points of probable weakness in ves- 
sel design before testing. 

Record pressure when any chipping or scaling of the lime 
wash occurs. 

Reduce operating pressure in proportion to the yielding in 
any part of vessel if yielding results below test pressure. 


5. Qualifications for Welding Steam Vessels 


Before a firm can qualify for welding steam vessels they should 
lemonstrate ability to meet the above specifications. 


(a) X-Ray, Magnetic Electric and Stethescope Analyses may be 
useful tools for the development of processes of welding. 

(b) Fatigue and application of lime wash may have merit in 
demonstrating the quality of design. 

(c) Testing to destruction the largest size vessel that a firm 
proposes to build is believed to be the most satisfactory 
demonstration of the quality of a welding process and the 
ability of a firm to design and construct safe pressure con- 
tainers. 


E. E. Shanor, Vice-Pres. Petroleum Iron Works: It is very difficult 
lo generalize on welding. 


Much can be said that is true of some particular method of weld- 
ing, but it should not be assumed that same will be true of some other 
method of welding. This makes the task of the boiler code committee 
in drawing up specifications particularly hard. In commenting upon 
the specifications drawn up, it will be borne in mind that no cost should 
Se spared that will insure a safe welded boiler, no cost should 
ve incurred that does not add to the security of the boiler. It should 
be the purpose of the specifications to first specify a suitable steel. It 
‘thought that it will be found advisable to draw up more rigid spec- 
ications covering the steel that is found in Paragraph I. Pre- 
‘uma ly specifications for steel in Paragraph 1 contemplated the use 
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of steel plates not over 1'% in. in thickness. One of the reasons | 
going to welded boiler is that greater thicknesses of plate will b: 
quired than can be satisfactorily riveted. These greater thickne: 
of plates introduce imperfections in the steel which must be guard 
against in a way that the present specifications do not do. It will 
probably be desirable to provide for a greater discard and to take all 
test specimens from the middle of the top of the plate and also provid 
for more rigid surface inspection, etc. 


Paragraphs 2 and 3 as written, covering test plates to be welded t 
each end of seam, are favored, but cutting any test specimens from a 
welding seam is emphatically opposed because of the risk incurred 
in welding up the hole thus made in the seam. 


To my mind, paragraph 4 should be modified to call for heating uni- 
formly to at least 1200 deg. Fahr. instead of 1100 deg. Fahr., and it 
should be specified that no temperatures be allowed which will caus: 
grain growth. A large oven will not have absolutely uniform tem- 
perature and temperatures from 1100 to 1300 deg. are satisfactory fo: 
strain relief. It would appear well to me that specifications should cal 
for strain relieving in course of fabrication so as to prevent the 
growth of injurious stresses, rather than to relieve them after the) 
have been set up. This would mean heating of heads, shell rings, et: 
It would be rather difficult to cover in specifications as the thickness 
of plates involved would govern the amount of stress relieving during 
fabrication. 


No comments are to be made on Paragraph 5. Selecting Specimens 


Paragraph 6 covering tension test specifies that all reinforcements 
should be ground off before testing, and that specimens should fail at 
not less than a minimum srecified tensile strength of the plate. This 
means that the weld metal must have at least 55,000 Ib. per squar 
inch tensile strength. It is questioned whether this is required and 
representative of conditions in the vessel. 


No comments are made on the bend test. 


Impact tests as required in Paragraph 8 are not favored. 1! 
tests are costly to prepare for and a slight imperfection in the weld 
will ruin the test, and may not be representative. If a perfectly sound 
specimen will not stand this impact test, the tension and bend | 
will disclose the fact that the weld metal is poor; however, any sma! 
imperfections in the specimen becomes so large a percentage 
area as to dominate the result and not be representative so that ' 
test is not conclusive and should not become a routine test. 


Chemical analysis as provided for in Paragraph 9 is interes' 
but will not add to knowledge of the quality as determined by ph 
tests. The most interesting chemical property is the percentaye 
oxides and slag inclusions, which should be determined if a che 
analysis is made, which is not favored. 


An examination of the weld metal as provided for in Paragra 
could be made by requiring a nick test. Micro examinations wil! 
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up oxides and slag inclusions. Such tests are interesting but are not 
iustified from the utility or cost aspect as routine tests. 


No comments are made on Paragraph 11 covering retests. 


| know of no practical electrical or magnetic fissure detector or X- 
ray apparatus which would give the results in a useful way as called 
for in Paragraph 12. 


Paragraph 13 calls for a so-called fatigue test, requiring 10,000 
ycles pressure, varying from zero to one and a half times the work- 
ing pressure. Presumably such a test is proposed because it is thought 
a poor weld will fail before 10,000 cycles. It is not thought that this 
is true under the stresses proposed. Under higher stresses a poor 
weld might show up O.K. for 8000 cycles and fail under 8001 cycles. 
Who can say it might not stand 10,000 cycles and fail at 10,001 
\ ’ Failure under fatigue is progressive if at all, and does a 
ertain amount of injury so that such a test should not be made as a 
routine affair on a vessel afterward to be put in service. 

p 


Paragraph 14 states that no holes should be located in the welded 
joint. It is well to avoid this but it is also to be remembered that it 

present practice to reinforce openings in shell with pads built up 
eld metal. It would seem to be a better practice, however, to 
a reinforcing plate to the shell. 


‘aragaph 15 covers the allowable working stress. It has been my 
ght that a weld is good and if not good, it is bad, and that if the 
veld is good it should furnish a 100 per cent joint. I would not, 
however, favor designing a vessel on a basis of 100 per cent point in- 
asmuch as there probably will be some imperfection in the steel and in 
the workmanship which cannot be discovered. It is thought it is per- 
fectly safe to figure the factor of safety on the basis of a 90 per cent 
int. The aeceptance test of a welded vessel should be more severe 
than the acceptance test of the riveted vessel as covered by the code 
rement of one and a half times the working pressure. In testing 
welded vessels, it is frequently specified that gas oil be used 
nstead of water, which will uncover defects that water will not show, 
at a temperature of 70 deg., and that the pressure first be raised to 
produce a fiber stress based on a 100 per cent joint of about 11,000 Ib. 
per square inch. This pressure is allowed to drop after which the 
pressure is raised to give 15,000 lb. per square inch fiber stress, under 
which pressure it is hammered vigorously with a 10-lb. sledge along 
allseams. The pressure is again dropped and then brought up to pro- 
duce a fiber stress of 19,500 Ib. per square inch, and held at that pres- 
‘ure for one hour. Such a test will disclose any porosity or defects 
n vessel, and a vessel so tested should be safe under stresses al- 
in Paragraph 18, assuming a 90 per cent joint. 


ir. F. C. Fyke present? 


F. C. Fyke, Standard Oil Co. of N. J.: In commenting on the 
ed specifications or code for welded pressure vessels, my com- 
are from the viewpoint of an industry which at present is not 
| to in any particular code and in doing so have in mind that 
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it is always well to keep well within a recognized code so as to elimi- 
nate any questions being raised that might be attributed to design. 
The Unfired Pressure Vessel Code does take care of this in some re- 
spects. However, it doesn’t cover the industry to which I refer. In 
commenting I wish to acknowledge at the start that there are some 
mauufacturers who do good welding, while on the other hand, I wish 
you would admit that there are some concerns that do not do good 
welding. Those who are making good welds are not interested in poor 
welds but in establishing a code or a protection to the consumer, it is 
those who are making poor welds that we must be on the lookout for 
and guard against. We are substituting something, as was just ad- 
mitted, in the vessel which is questionable, for something with which 
we are familiar, a riveted joint. We know the quality of the materials 
going into the joint; that is, the plate and the rivets. The strength 
can be calculated and from past experience we actually know what is 
in the riveted joint. 


In the welded joint we do not know because there has been no par- 
ticular standard adopted for a welded joint. That is, as was just 
brought out there is some question of whether a double V or a single 
V joint is the strongest. There seems to be no standard. When you 
speak of a weld, just what is it going to be, a single V or a double V 
or what is it? Also, there is no standard as to the manner in which 
that weld is made and as a result of different processes one manufac- 
turer claims his weld is better than the other. Just how they will 
stand up in service is a question which the consumer can’t answer 
and doesn’t like to accept the claims just from a sales standpoint. 
How will those welds stand up when placed in service which may be 
somewhat different from the usual boiler or steam service? Will the 
welds have the same corrosive resistant properties or will there be a 
honeycombing of the weld or the metal in the vicinity of the weld’ 
These are things which the prospective consumer of a welded con- 
tainer is very much interested in and considers at the time a proposi- 
tion is being developed for the construction of any pressure equipment. 


In commenting on the code, Article No. 1 seems to be rather con- 
fining in that it limits certain steel specifications and will not permit, 
as worded any other specification even though it may be considered 
better. That is at least my interpretation of it. In this type of work 
we should be more careful in our steel requirements and more rigid 
specifications be drawn up and a more thorough inspection made a! 
the mills, on steel for this purpose. 


While we are specifying the quality of the steel to be used I might 
mention the advisability or inadvisability of specifying the electrode 
also. The American Welding Society has specifications for various 
electrodes, but I believe the industry knows very little about them be- 
cause they are hardly ever specified. It would certainly seem advis 
able for the Welding Society to include in their code for pressuré 
work their own welding wire specifications or even further if the! 
have a steel which they feel is more desirable than the ones mentionet, 
this could be embodied in the specification also. 
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Regarding Paragraph II, the location of the test plates. The loca- 
tion of the longitudinal tests may be all right. I feel, however, that 
just as good results could be obtained if the specimens were not at- 
tached to the drum. 


Regarding Paragraph III. It is not desirable to take the specimens 
from the drum as there will always be a question as to the soundness 


of the patch used to cover up the hole from which the specimens are 
taken. 


Regarding the stress relieving or normalizing, the temperature given 
is 1100 deg., while the temperature which has been suggested here this 
afternoon was 1200. If it is practical it is desirable to increase the 
temperature to 1400 or 1450. Whether this is possible is a question, 
as the manufacturers may not be able to carry that out. 


The tension test specimens in Paragraph VI state that the specimen 
shall fail outside of the weld. As mentioned at the start, we are sub- 
stituting a weld for that which we know the value of, rivets. We 
know the value of the plate which we are using. Therefore, I can 
hardly see the logic of having the specimen fail in the plate. What 
we are really interested in is the strength of the weld and the quality 
of the weld which is made. It is very desirable to have our specimens 
designed so as to force failure through the weld and not outside of the 
weld. That will give us an idea of how that weld stands up; it will 
give us the structure of the weld as to whether it is porous or not, and 
also you can get some idea of the ductility of the weld by arriving at a 
standard gage for that purpose. 


The impact test, as well as the tension test, in cases where the test- 
ing machines are not large enough to permit pulling the full section 
will not give you the true results of the weld. If you take a plate that 
is 3 in. thick and cut it in laminations, those sections which you pull 
will not give a true indication as to what that weld will do in its orig- 
inal section. If you are cutting the specimen either way it would be 
better to split it the other direction so that you have a full section of 
the weld in the specimen which you are pulling. 


The micro-photographs covered by Paragraph X are desirable and 
interesting and will give you some check on the quality of the weld 
which is being made. 


No. XI, regarding Retests, as worded, is conflicting and the word 
“more” in the second line should be “less.” As it reads at present it 
is conflicting with that part referred to in the latter part of the para- 
graph where 25 per cent more is allowed, retests will not be permitted. 
I believe that the first part is less than 25 per cent of that specified. 
If an allowance is to be made, 25 per cent is more than should be al- 
lowed. Using 25 per cent, if the second test meets the requirement, 
it gives you an average of 12% per cent under that called for. 


ie non-destructive tests on welds may be desirable from an experi- 
tal standpoint, but from a practical standpoint have very little 
ing on ‘the finished welded joint. The means which have been 
ested here for detecting any flaws which may be developed due 
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to this breathing test are more or less experimental and as far as | 
ried out in a practical way to date have not been very satisfactory. 


The point has been raised regarding the permitting of holes near 
the weld. There should be some restriction regarding the closeness 
of holes in a drum with respect to a weld. In our present riveted con- 
struction we try to keep them away from the riveted joint as much as 
possible. There are cases, however, where it is necessary that holes be 
placed in the riveted joints and these are, of course, taken care of by re- 
inforcing pads on the inside, and if it is ever necessary to place a hole 
in the welded joint reinforcing pads, of course, should be provided for. 


The allowable working stress shown is increasing the percentage ot 
minimum tensile strength from about 51 per cent to about 80 per cent 
There is some question as to whether we are conservative enough in in- 
creasing that percentage based upon the minimum tensile strength 
You certainly should not decrease the factor of safety which takes 
care of all those unknown factors in construction and in plate manuv- 
facture. 


The specification does not provide for any pressure test or mention 
being made of a hammer test on the weld which is quite common in 
the testing of a welded pressure vessel to date. There have been a 
number of points mentioned this afternoon regarding points of design, 
shape of the head, which I do not believe have any bearing on the 
question of welding. This has to do largely with the code, whether it 
is a welded vessel or a riveted vessel. An ellipitical head is acknow!- 
edged to be a better design, whether it is in a welded drum or a riveted 
drum, and such features of design, of course, will apply to a riveted 
vessel as well as a welded vessel. 


The point of cost has been raised as being an item which should not 
be given consideration in the case of considering safety. That is true, 
but you will have to take that into consideration when trying to dis- 
pose of welded drums as compared with the cost of riveted drums o! 
forged vessels. If the consumer can obtain a vessel equal to the 
welded vessel of riveted construction or made from a forging having 
the same degree of safety at a lower cost, he will, of course, take the 
cheaper vessel, other things being equal. 


The above comments have been made with an intimate knowledge 
of the extreme pressures and temperatures which industries are going 
to and the hazardous conditions in which the equipment is subjected, 
and we ought to be very careful, at the same time progressive, in con- 
sidering any code or change in construction which will in any 
affect any industry where loss of life, particularly, and property are 
endangered. 


Mr. Owens: The discussions this afternoon on the proposed code 
for pressure vessels will be of value to the Boiler Code Committee and 
our Society’s Conference Committee to the Boiler Code Committee 
My comments are as follows: 


(a) I agree with Mr. Jasper that test specimens should not be at- 
tached to the ends of the joints of pressure vessels as the results§ 
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would not be comparable, and I would strongly recommend that such 
mples be made independently of the vessel. It might be desirable, 
»wever, to make them at approximately the same time that the cor- 
responding joints of the pressure vessel are welded so as to insure 
t the welding technic is identical with that used in the vessel. In 
case, I am convinced that it will be unnecessary to make these 
‘imens as a matter of routine after the manufacturer has demon- 
ited that sound welds can be consistently made by the process 


employed. 


b) The breathing test is considered unnecessary. My experience 
s shown that the most effective test is the hammer blow applied to 


the seam when under the required test pressure. Such a test will cause 


weld to fail whenever there are dangerously high residual stresses 
poor fusion. 


c) It is not necessary to raise the temperature of the completed 
‘ssel to 1650 deg. Fahr. in order to relieve residual stress provided the 

of heating is increased. Comparative tests of welds made by me 

bare electrodes have shown that if heated to 700 deg. Fahr. for 
ee hours the specimen can be bent through an angle of 180 deg., 
nd I believe that a temperature of 900 deg. Fahr. would be entirely 
tisfactory, provided it be maintained one and a half hours for every 
h of thickness. 


d) I am opposed to the cutting of specimens from the finished 
oduct, nor do I think it necessary provided it has been shown that 
sistent results can be secured with the process used. 


e) Relative to the shape of the tension test specimen referred to 


by Mr. Shanor, I have frequently found that when high test gas weld- 


rods or satisfactory covered electrodes are used that it is impos- 


| 


{ 


|i 
fa) ‘ 
@| 
> 


i 
| 


| 












































7; 
e4 
bd 
f 


JOURNAL OF THE A. W. 8S. [July 


sible to cause the failure to take place in the weld when ground flush 
and a standard ASTM specimen with an 8-in. gage length is used. 
Numerous tests made by me indicate that the strength of such welds 
can only be obtained by a local reduction of the specimens at the weld, 
as shown in Fig. 1. In order to obtain complete information on the 
tensile strength of a butt joint I would recommend the use of three 
types of specimens: One similar to Fig. 1; one similar to the standard 
flat ASTM specimen with an 8-in. gage length and the weld ground 
flush; and a weld metal specimen similar to the round ASTM speci- 
men, cut longitudinally out of the weld, having a diameter at the re- 
duced section of 0.505 in. and a gage length of 2 in. 


(f) I agree with one of the speakers that the results of impact tests 
are very uncertain. If required, we would have to specify a very 
large number of specimens, as the specimens are so small that a de- 
fect which would be negligible in the structure would be a very ap- 
preciable proportion of the section tested, and therefore not indicative 
of the average strength of the welded joint. 


(zg) In a properly welded vessel I do not think that it is necessary 
to avoid locating holes in the joint as the hole is usually reinforced in 
some manner. 


. As a consistent advocate of all of the welding processes, and be- 
lieving that there are several present who are under the impression 
that a weld is necessarily brittle, I have brought with me a number of 
bend and torsion test samples made by several of the fusion welding 
processes. Here are bend samples of a gas weld made with a high 
test welding rod; a metal arc weld made with a covered electrode; and 
a thermit fusion weld. As the weld metal of all three specimens was 
machined flush with the base metal and the specimens bent through 
an angle of at least 180 deg., it is obvious from this test that there 
is not much to choose between the three processes in so far as duc- 
tility is concerned. 


Question: Do the specimens show small cracks on the outside? 
Mr. Owens: Absolutely none. 


Here are some torsion test samples cut entirely out of the weld 
metal of a hydrogen shielded metal arc weld and a-fusion thermit 
weld. These samples also show the extreme ductility of weld meta! 
obtained with these processes. This particular specimen of a shielded 
metal arc weld made under my supervision was obtained from a 
U-shaped point 154 in. thick and was twisted through 450 deg. You 
will note that there is a marked freedom from porosity in all of the 
specimens shown. 


Ductile weld metal can also be obtained with the bare electrode 
provided it is made in a series of layers. In order to avoid the low 
ductility in the last layer, I have recently used either a covered elec- 
trode or the shielded arc. 


The points that I want to emphasize are that we are today not 
limited to the use of weld metal which has a low ductility; that ductile 
weld metal can be obtained with all of the fusion welding processes: 
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and that the Boiler Code Committee is attempting to draft a code which 
will permit the use of any welding process provided the manufacturer 
can demonstrate that the process employed complies with the funda- 
mental requirements of the code. 


In conclusion, I think you will agree with me that these specimens 
indicate that we are well on the way to see welding adopted as a 
standard manufacturing process for all classes of pressure vessels. 


Mr. Lincoln: I was very much interested in what Mr. Jasper had 
to say and hoped that some one would emphasize the test that he sug- 
gested. It hadn’t occurred to me to make a test in the way that he 
suggested before, but it seems to me that it is one which kills two 
birds with one stone, if you please. His suggestion was to use a 
hydraulic test, if I understood him correctly, on the finished vessel up 
to but just under the elastic limit of the metal in the finished vessel. 
If there is any weakness in the weld a test of that sort ought to show 
it up. More than that, if there is any weakness in the design, which I 
think he emphasized, that same test will show up any weakness in the 
design. If the design is all right and the construction is all right, 
especially in the weld, a completed vessel should stand a test of that 
sort, and why shouldn’t a test of that sort satisfy any one as to the 
usability of the vessel made and tested in that way? 


Mr. Jasper: If I might make one comment, it is this: There is no 
suggestion of the actual working stress that should be placed on the 
vessel. That is up to the Boiler Code Committee and to the Welding 
Society and therefore I left that open purposely. 


There is one comment I want to make also with reference to the tem- 
peratures at which stress relieving might be practical. For a very 
thick vessel 1500 deg. may be all right, but if you have a thin vessel, 
then that vessel will sag or collapse and will not be round or straight 
after you have put it through the heating furnace. The result is that 
when you put pressure on the vessel afterward you build up stresses 
more rapidly due to out of roundness or sagging than you have pulled 
them out by stress relieving. It is, therefore, very important that you 
lo not go too high in value in applying temperature stress relief to 
vessels but keep within what is a reasonable zone. 


Professor Adams: First, I would like to refer to some general re- 
marks that Mr. Fyke made in which he doubted that we were suffi- 
iently conservative in allowing this 80 per cent strength. I would 
ke to say that in my opinion the tests here proposed are more severe 
than those that have ever been applied to any boiler of a riveted type. 
Ve are not dealing with an unknown field. We have means of deter- 
mning the quality of these welds to a greater extent than has ever 
een done in the case of riveted joints. 


Second, one of the speakers said that he assumed that ten thousand 
plications of one and a half times the working stress was expected 
show by failure or otherwise whether the drum was sufficient for the 
b. That is not at all the idea and I thought I had explained it rather 
ecifically when I stated that such a test would be undesirable unless 
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there were some means of determining after the tests whether or not 
any fatigue failure had started. 


I want to emphasize again; also, what I said at the very beginning, 
that we have here a combination of two general methods of test; one a 
test of a completed structure and the other tests of samples. I wish 
to point out the distinction. You make a Charpy test, standard size, 
and you may take two or three of them and you may find in one of 
them a defect which in the combined drum is of no importance what- 
ever, but which would affect the small section involved. On the other 
hand, you may make two or three Charpy tests on good material 
without any knowledge definitely of the rest of the material. It is 
indicative of the ability of the material to stand shock. So is the ham- 
mer test. But it just happens that within my experience, which is 
limited, I acknowledge, in that field, I have never known of the hammer 
test to cause failure, and one of the speakers said exactly the same 
thing. “It never does produce failure.” Moreover, you can’t specify 
hammer tests exactly. It has been specified here as a number of foot 
pounds equal to the weight of a square foot of the plate. Is that 
actually applied in the test? Somebody swings a sledge on it and you 
don’t know what the number of foot pounds is. A drum which will 
withstand that test thoroughly might readily fail under the fatigue 
test. Whether or not boilers must withstand in life service 10,000 or 
100,000 repetitions of the working stress is a matter for boiler users 
to decide, but certainly they are subjected in their lives to man) 
thousands of these repetitions of stress and while these tests app!) 
to the full range from zero to maximum, it is known in ordinary fatigue 
testing that a small range of variation wi!l also produce failure in 
time. 


One thing that Mr. Jasper said I agree with and it is a point men- 
tioned by Mr. Lincoln; only I should go a_ little farther, certainly in 
small vessels. In fact, I have advocated this for ten years. Why not 
actually stretch the material a little beyond the elastic limit? That 
would in itself relieve all locked-up stresses. It is merely a question 
as to whether you stop a little bit below or a little bit above the elastic 
limit. 

On these very large and heavy wall drums that might not be quite so 
feasible or perhaps so desirable, but I do believe that one single test 
should be made at higher pressures even than this 50 per cent above 
normal. 


Mr. Fyke referred repeatedly to our lack of knowledge in the cas 
of the welded structure. I am fully convinced from what I have see: 
of these tests that they can be applied and that when the structure i) 
question has resisted those tests successfully and there has been n 
indication of initiation of fatigue failure, you will have a structur 
of which you are vastly more sure than you are of any riveted drum. 


Mr. Ely C. Hutchinson, Power: Mr. Chairman and Gentlemen 
I have been very much interested indeed in listening to the discussio! 
and what Mr. Adams has said just a few minutes ago leads me to be 


lieve that perhaps I may have some small amount to contribute in 
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urtherance of the suggestion concerning hammer tests and also pres- 
ure tests. I know of cases where hammer tests have been made by a 
mechanical method where a shaft was used to operate a series of ham- 
mers, that shaft being rotated at a specified speed and lifting hammers 
at a specified héight and of a specihed weight. That would eliminate, 
it seems to me, any uncertainty as to the degree of hammer test that 
you would be able to secure. 


Now, in connection with pressure tests, it seems to me that it would 
be a very desirable thing if the pressure were put on for a specified 
period, then the hammer applied and then the pressure continued 
either at' the same rate or ot the same amount or at a slightly in- 
crased amount for a static period following the hammer test. The 
purpose of that being to provide a means or rather to give the vessel 
a chance to develop any inherent defects that were initiated by the 
hammer testing process. That is a process that has in my experience 
developed flaws that were unsuspected and that might have otherwise 
yone by unnoticed. That I think also, will satisfy Mr. Adams’ idea as 
well, that a hammer test or a pressure test or whatever the test, would 
not necessarily disclose a detective condition that would so remain 
undiscovered. 


Dr. A. D. Risteen, The Travelers Insurance Company: I have just 
a word or two to say. Are we not patting ourselves on the back a 
little too much when we claim to know all about the riveted joint? |! 
have been fed on riveted joints for a good many years and feel that I 
know something about them; yet 1 am not going to put up any argu- 
ment. Iam only going to call your attention to something that speaks 
for itself and tells the story far better than I could tell it. We design 
riveted joints so that they appear to be equally strong in the net sec- 
tion of the plate and in the shearing strength of the rivets; and then 
we put a lot of these joints on testing machines and pull them apart. 
| ask you, gentlemen—Do the joints that we design and test in that 
way fail half the time by shearing the rivets and half the time by 
fracture of the net section, or do they not? The answer is, They do not; 

which shows that we don’t know nearly as much about riveted joints 
is we sometimes think we do. 


Mr. Owens: In answer to the last speaker (Mr. O’Reilly), I would 
int out that the test requirements of the Steamboat Inspection Ser- 
ice are too low. First of all, the welder should be required to make an 
qually sound butt weld in the flat, vertical and overhead positions 
vith the reinforcement removed, and the test specimens should have 
ninimum and average tensile strengths for all positions of 47,000 and 
12,000 lb. per sq. in. respectively. These are the requirements of the 
. S. Navy and of the company with which I am associated. Any 
elder who can comply with these requirements will consistently 
ake a sound weld with no more supervision than is usually required 
| riveting practice. 

It is likely that even these requirements will be raised not only in 
e manufacture of boilers, but in repair work, as high test gas weld- 
g rods and covered electrodes become more extensively employed. 
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To show the importance of requiring welders employed in the re- 
pair of boilers to prove their ability to weld in the flat, vertical and 
overhead positions, Mr. Pack, Chief Inspector of the Interstate Com- 
merce Commission, once showed me a section of a failed boiler in 
which failure was caused by the inability of the welder to make a 
sound weld in the vertical position, even though he had previously 
made a sound weld in the flat position. Many butt welds have failed 
in the past because they were not properly reinforced. 


In view of what I have said and because many butt welds have failed 
because they were not properly reinforced, it is obvious that there 
are a number of factors to be considered if safe welding is to be con- 
sistently obtained. Responsibility, therefore, rests not only on the 
welder but on the designer and those supervising the work. 


Mr. G. O. Carter, The Linde Air Products Co.: There was a little 
bit of element of doubt in what Professor Adams said about the his- 
tory of welding. I would like to confirm what Mr. Jasper said and 
Mr. Shaner said about the actual construction our organization has 
been following. After the kiln that Mr. Rockefeller talked about was 
built seven years ago, we started building heavy pressure vessels. 
We have welded vessels up to 14% in. thick. We have followed the 
steps that have been advocated. I think that all of us who have been 
following fabricating have followed the same ideas. We insist on a 
qualification test and our qualification test expects a man to get above 
60,000 lb. per square inch tensile strength with high test rods. We 
are making welds that are outpulling pipe of 100,000 lb. per square 
inch tensile strength. 


You have got to go to produce welds of full strenth of the material 
you are working with. People don’t stop to consider whether 80,000 
lb. per square inch is the minimum strength of the pipe. 





The same thing applies in this pressure vessel work. We have fol- 
lowed these principles that have been advocated by Mr. Jasper very 
splendidly and by Mr. Jennings. We use almost those identical tests 
of hammering at a stress of double the working stresses and then 
carrying the final as near as we can to the yield point. Sometimes 
flange connections make it almost impossible to go clear to the yieldpoint, 
but we go as near as we can following the hammer test. 


In the early days I did know of failures under the hammer test, but 
frankly the fact that the men know that that test is going to be applied 
has so safeguarded it that it is almost unheard of for a failure to occur 
today. I have seen the hammer test applied repeatedly to the kind of 
work Mr. O’Reilly was referring to where the weld is materially weaker 
than the base metal. Under those conditions the hammer test wi!! 
generally break it up. 


I think that in all our discussion we are trying to reach the condition 
that we have reached, we believe, successfully over a period of the 
last six or seven years, of having the weld stronger than the base 
metal, tested so that we are satisfied that it is thoroughly prove: 
The history of those vessels has been as near 100 per cent as anythin 
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could be. We have had a couple of cracks develop through other 
causes. The failure has not run through the welded structure. 


H. M. Hobart, General Electric Co.: The welding of pressure ves- 
sels is an activity of great importance at this time. It has been con- 
sidered that matters relating to the strength of welded pressure vessels 
should be the subject of more thorough study. I fully share this 
opinion. 


Manufacturers of pressure vessels, some gas welded and some arc 
welded and some resistance welded, come to these meetings and tell 
of the great numbers of such vessels which they each make per year 
and of the many millions of dollars’ worth of value represented by 
them. The pressure vessel committees, deeply conscious of their re- 
sponsibilities in establishing rules to govern this important industry, 
plan researches which would cost a few tens of thousands of dollars. 
The manufacturers and users and others who would presumably be in- 
terested are asked to contribute to the cost of these researches. Out 
of the many dozens of firms approached, perhaps about five firms 
undertake to contribute to the costs, but to the extent of only a few 
hundreds of dollars each. This is all that small firms ought to be ex- 
pected to contribute, but is disappointing in the case of the important 
concerns whose representatives in the discussions of papers never 
mention sums of less than a million dollars when describing their 
activities. The committees, reluctant to abandon their plans, substi- 
tute a very much more limited program for research on the chance 
that they can thereby increase the number of cooperating concerns 
and be able to proceed. But after three or four years of this kind of 
experience, the whole project is abandoned. 


There is a very striking contrast between the general suggestions in 
the discussions of papers that many of the firms are spending millions 
to put the final touches of perfection on their wonderful products and 
the ultimate admission that very few of them will put up even a few 
hundred dollars apiece to determining elementary things which it is 
absolutely essential to know if guesswork is to give place to reason- 
able certainty. 


[In European countries where less stress is laid on mention of the 
millions involved, and more attention is given to really doing good 
things, even though in a very quiet way, it appears from reports that 
a good deal of money is being spent on research and standardization 
and improvement of welded pressure vessels. 


My proposition is that instead of abandoning or abbreviating our 
program of research of welded pressure vessels, we should consider- 
ably increase and strengthen it and then create an irresistible demand 

t it be carried through. In addition to money to be spent under 

direction of the committee and with the advice and supervision 
such bodies as the Bureau of Standards and the ASME and its 
er Code Committee, manufacturers should submit completed tanks 
h should ultimately be tested to destruction so that there may be 
red really definite knowledge of the factors of safety actually ob- 





34 JOURNAL OF THE A. W. S. [July 


tained in practice in valuable pressure vessels when approved weld. 
ing procedure is employed. 


The evidence that an atmosphere of mutual suspicion is giving place 
to hearty cooperative examination of the present state of the art with 
a view to its further improvement and safeguarding by adequate codes 
for liberal safety factors will enlist support for welding in quarters 
where it is now withheld. 


Chairman Low: May we have a word from another inspector and 


from the companies that have to hold the bag—Mr. Morrison, Chief 
Inspector of the Hartford. 


Mr. J. P. Morrison, The Hartford Steam Boiler Insp. & Ins. Co.: Mr. 
Chairman and Gentlemen: I came to listen rather than to be seen or 
heard, but the discussion has brought to mind a little saying we used 
when we were youngsters, “You can fool some of the people some of 
the time, but you can’t fool all of the people all of the time.” There 
is no doubt but that good welds can be made by some people sometimes 
and it is the hope of those that are interested to devise some means of 
proving that good welds can be made by everybody all of the time. The 
discussion seems to hinge on welding as compared to riveting. I think 
we have overlooked the fact that possibly, for a time at least, the 
welded drum for high pressure boilers, when it appears, will have more 
influence on the ingot drum than it will have on the riveted drum. So 
It us consider welding of the high pressure drum as compared to the 
seamless drum, rather than as compared to the drum of riveted con- 
struction, and I think we will get a little different view on the question 
in general. To my mind the principal field of the welded boiler drum 
is in the construction of high pressure units which are now constructed 
of seamless drums. It appears to me, due to the comparative cost of 
riveting and welding, the riveted drum will continue for some time 
to come. 


The tests of welding include the hammer impact. One of the speak- 
ers has indicated that some years ago failures of welds under this 
test were quite frequent, but now they are uncommon. I have wit- 
nessed quite a number of tests of that kind, but have never seen a 
welded seam fail under that test, so it has occurred to me that prob- 
ably the hammer impact test might not lead to the discovery of a de- 
fective seam, if the seam were defective. I am not altogether con- 
vinced of the value of the hammer impact. 


I would like to suggest, following the line of thought presented by 
some of the other speakers with reference to forcing failure in the 
weld, that if the weld were drilled sufficiently to reduce its strength 
by some 15 or 20 per cent, a twofold purpose might be served. It would 
give an opportunity of exploring the weld both before and after the 
test, as well as forcing failure in the weld, for undoubtedly failure in 
the test piece outside of the weld merely indicates that the weld was 
stronger in tension than the parent metal and does not indicate that 
the weld is all it should be. 


Let us, in considering this question, bear in mind that the pur- 
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chaser who really pays the freight in the end is going to have pre- 
sented to him the proposition of placing a 1200 or 1400-lb. pressure 
boiler having welded seams in a plant worth some $25,000,000. A 
failure of that weld might result in the complete destruction of the 
plant. It is necessary to develop in that purchaser complete confi- 
dence in the strength of welded seams, and I think that confidence 
can be developed only by following the most rigid test. I am 
not prepared to say what those tests should be, but d do believe that 
the fact that a test is likely to be a little expensive or likely to cause 
same inconvenience should not act to eliminate that test from the code 
if the test in itself does serve a purpose. 


Mr. Carter: I think it would be of value to all of us to know that 
our purchase of pressure vessels is practically along the lines that 
you are considering. We are paying for pressure vessels made in 
several different factories, under specifications that are very similar 
to the ones we are considering, the ones that Professor Jasper read so 
ably, and we have no trouble getting these fabricators to follow the 
specifications which call for the qualification test; they call for the 
steel to be of certain specification; they call for the welding rod to be 
of certain specification; they call for certain practices. We are in po- 
sition of the purchaser ourselves, although we have done the engineer- 
ing that is leading up to it. That may be of interest and value to you. 


In connection with this developing of a high strength weld, it has 
been brought out here two or three times about the reducing of the 
section. That is one way to do it. Our laboratory, in developing its 
high-grade rods, found that they had to ask for the steel from the 
highest carbon side of the particular types which we were using, in 
order to get steel anywhere near strong enough to cause the failures to 
be in the weld. That was some six or seven years ago when Sam 
Miller was doing so much along that line. That is one way that I 
would recommend that we might try developing the high-grade rods. 

I would say, in answer to one of the questions that was just brought 
up, that it is my firm opinion that welding has gone ahead so fast in 
the last five years that that is the reason why failure has not been 
heard about on these hammer tests. 


Chairman Low: Mention of Mr. Miller recalls a method of testing 
which has been much discussed. I wonder if Mr. Kinzel would’nt say 
a few words about the bend test. 


Mr. A. B. Kinzel, Union Carbide & Carbon Research Laboratory: 
The free bend test, which is now finding quite wide use, was originally 
developed in our laboratories. Subsequent to this development, at the 
request of Professor Moore and the Executive Committee of the A. S. 
T. M., I accepted the chairmanship of the Section on Bend Testing and 
am still serving in this capacity. Both the method and the specifications 
mentioned in the proposed code are of great interest. Regarding the 
method, there was published in June, 1929, as a committee report of 
the A. S. T. M. a suggested method of bend testing, and this has been 
submitted by the Section on Bend Testing for acceptance as a tenta- 
tive standard. In this report one of the points most emphasized is the 
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necessity for having a specimen the width of which is at least three 
times the thickness, if results are to be obtained which are independent 
of the thickness. In this connection it might be noted that it is per- 
missible to put a radius on the corners equal to 10 per cent of the 
thickness of the plate, but not more than ¥% in. In connection with 
the specific article in question, it should be permissible to slice the 
plate and test the weld in sections, each section of which shall corre- 
spond to the three to one ratio of width to thickness. The gage length 
on which elongation measurements are made should be specific, and 1 
in. for specimens % in. or more thick, and % in. for specimens be- 
tween 1%, and % in. thick are satisfactory figures. 


Regarding the limits set, these seem to us to have less meaning 
than they should and also to be less severe than they should. Mr. 
W. B. Miller, who has worked with me on this problem, has tested a 
great many welds, and it is our opinion that for the purposes of the 
code the following limitations should be set. Any surface crack longer 
than 20 per cent of the minimum allowable width of the specimen 
should be considered to be equivalent to failure of the specimen. The 
test should be stopped at this point. This must correspond to a mini- 
mum fiber elongation of 12 per cent. In the specifications as written, 
an additional 30 per cent requirement is given, but failure is not de- 
fined, and the 30 per cent could be obtained in porous material with 
relative ease and would be meaningless. The above specification is 


sufficient in itself and need not be amplified by a further supposedly 
limiting clause. 


There are some other things in here that I would like to discuss 
further. Items I to VI have been so well covered that it seems un- 
necessary to say more. Regarding the impact test in Item VIII, the 
matter of small defects and their effect on the impact strength has 
been mentioned several times. Nobody has said anything about the 
defects produced in the preparation of the specimen. I should like to 
know how close a check may be expected not only on the weld but on 
the plate, and also should like to know what the figures mean. What 
quantitative meaning has an Izod or a Charpy notch impact test -result 
in engineering practice? 

Another point in that connection, the Charpy only is mentioned. | 
think you will find that the majority of engineering firms as well as 
many of the universities are equipped with other types of impact 
testing equipment, particularly the Izod, so that it will be necessary 
to cover this if this specification is to be written up in such a way that 
it may be readily applied. 


The old argument of chemical analysis and microstructure their 
use when the physical properties cover the subject fully—is another 
one that arises at this time. No steel mill today will take both chemi- 
cal analysis and physical properties without a premium. They will 
take one or the other. It seems to me that this should be remembered 
in writing up such a specification. 

The non-destructive test is covered in Items XII and XIII. I should 
like to add that in vessels up to one and a quarter inches wall thick- 
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ness, the stethoscope has been found to be satisfactory. That, of 
course, is not a recording type test. We have used the x-ray exten- 
sively in our laboratory, as well as the stethoscopic testing method, 
and it is unquestionably reliable. We are past the experimental stage 
as far as the ability to detect comparatively minor defects is con- 
cerned. It hasn’t passed the experimental stage in that no large equip- 
ment has been at any particular place to test a fullsized boiler to 
the best of my knowledge, but that is a matter of engineering rather 
than fundamental experiment. The x-ray will detect anything that 
is a real crack. However, there are such things as slight inter- 
crystalline fissures that the most sensitive x-ray that I have seen or 
the most extraordinary claims that I have heard for some of the other 
methods will not detect. They are so extremely minute that in an 
ordinary test they probably will not be shown up. As I understand 
it, it is one of the purposes of the fatigue test to show these. 


The fatigue test is carried out at 10,000 cycles, which is approxi- 
mately 20 years’ service or more than 20 years’ service for a pressure 
vessel. It is carried out at room temperatures with water that may 
or may not be rusty and a certain amount of corrosion is present. 
We all know that there is a big difference between straight fatigue 
and corrosion fatigue. When certain corroding influences are present, 
the rate of propagation of a crack is very much greater, and the actual 
fatigue limits on many steels is known to drop as much as to 10 per 
cent of the original value. 


As I see it, in testing a vessel as it is here proposed to test a vessel 
to 10,000 cyeles, there is a very distinct possibility of opening up a 
very minute fissure. It may be there before the test is started. If 
it is there before the test.is started and is opened up further so that 
it is caught by subsequent non-destructive tests with the x-ray or 
Sperry system, fine; but suppose it is opened up so slightly or isn’t 
there in the first place and then develops so slightly that it is not 
caught by these methods, then the argument is that 10,000 cycles 
have already been applied at one and a half times working pressure, 
so that the chances are this fissure will not propagate fast enough to 
bother within a limited life, say 20 years. However, it must be re- 
membered in service fairly high temperatures are reached in the 
boiler with the presence of corroding media, which have a very de- 
cided effect. So that the sum and substance of the whole thing is 
that this really is an unfavorable condition and an unfavorable test 
to put on the vessel, and that it really does make it less safe for use 
than if the test had not been applied. If the non-destructive test can 
pick out this small fissure, why put on the fatigue test at all? The 
matter of local strain is absent because the vessel is annealed. 


egarding the matter of holes, I might just mention that in a 
ri ted joint there are a number of holes, and the fact these are 
filled by rivets doesn’t make their effect less important. 


‘in, W. B. Miller, Union Carbide & Carbon Research Labs.: An 
int resting thing to regard in connection with the stethoscope—we 
jus. recently learned that a locomotive boiler inspector is using the 
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stethoscope to check up tight stay bolts and caustic embrittlement 
cracks, and he says it is successful, and he is using it. 


Mr. Jasper: I want to take care of one thing that was said by the 
speaker prior to the last speaker, and that was that steel could not 
be bought under a specification of both chemical and physical analysis. 
I might say we have been buying steel under such specifications for 
over five years, and I know four companies that are willing to supply 
us this type of steel. I presume that there is no steel mill today that 
will not take such a specification, but I will say this: they will charge 
you more for it. It requires of them closer supervision. I just want 
to make that thing clear. 


Mr. Miller: Would you reject a steel if the chemical analysis or 


the physical analysis was off? 
Mr. Jasper: Yes. 


Dr. D. S. Jacobus, Babcock & Wilcox Co.: As you all know, the 
subject of fusion welding has been before the Boiler Code Committee 
for a long time. There have been a number of hearings and much 
work has been done in an endeavor to formulate rules which wil! 
insure the safety of welded pressure vessels. 


In the case of the Unfired Pressure Vessel Code, it is proposed to 
add a procedure control for fusion welding and to increase the allow- 
able working stresses given in the Code. The present Code covers 
fusion welded tanks with shell thicknesses of °% in. and under, no 
annealing or stress relief being required after the fusion welding. It 
specifies the making of hammer tests at one and one half times the 
working pressure, and afterwards applying a hydrostatic pressure o! 
three times the maximum allowable working pressure. 


Specifications for fusion welding of drums or shells of power boilers 
have been prepared and published and general discussion solicited. 
These specifications apply to drums having shell plates of any thick- 
ness, and require that the drums be stress relieved after welding. The 
safety of the finished tanks is insured through the requirement oi! 
searching tests. It is proposed to broaden the rules for Unfired 
Pressure Vessels after these specifications are adopted by allowing 
vessels of all kinds and of any dimension to be constructed in accord- 
ance therewith. In formulating these specifications, the Boiler Code 
Committee leaned toward the side of safety, with the idea that should 
the rules be found to be more restrictive than necessary, certain of 
the requirements can later on be omitted. It must be remembered that 
the Boiler Code Committee is a safety Committee, and that it is better 
to lean too far toward safety in the beginning than sanction rules 
that may be too liberal. 


A number of the members of the Boiler Code Committee have be- 
lieved for a long time that fusion welding would eventually be used 
for boiler drums. Forge welded drums are now sanctioned by both 
the Power Boiler and the Unfired Pressure Vessel Codes. Piping and 
fittings welded by the Thomson method of electric welding are also 
sanctioned as the equivalent of forge welding. Where the Thomson 
method is used for circumferential seams, the restriction to the 
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stresses allowable for forge welding is not a handicap on account of 
the stress being only one-half that on a longitudinal seam. 


The Committee has recently sanctioned the use of the thermit weld- 
ing of tubes by the use of thermit for heating the tube ends and 
afterwards bringing the tubes together in a similar way to the “push- 
up” method of the Thomson process, this welding, as in the case of 
the Thomson process, being considered the equivalent of forge welding. 


You can see from this that the Boiler Code Committee is making 
more liberal allowances for fusion welding, and at the same time is 
acting in a conservative way and making every endeavor to proceed 
cautiously to avoid accidents which might throw disrepute on the 
ability of fusion welding to stand up under service conditions. 


You can be assured that as soon as the Boiler Code Committee is 
in a position to do so, it will adopt rules which will allow the use of 
fusion welding in boiler drums, and in all sorts of pressure vessels. 
I might call on Mr. Low, as Chairman of the Boiler Code Committee, 
to say whether he considers that what I have said represents the 
views of the Boiler Code Committee as a whole. 


Chairman Low: An excellent presentation of the attitude of the 
Committee, but Dr. Jacobus in his modesty, has said nothing from 
the point of view of the boiler manufacturers. Your President has 
told me that this meeting has run its course, but I beg for a few 
minutes longer. I would like to hear from the boiler manufacturers. 
Mr. Aldrich, the President of the American Boiler Manufacturers’ 
Association, is sitting in the back of the hall. Will you say a few 
words about the attitude of the boiler manufacturers toward welding 
and toward this proposed specification? 


Mr. Aldrich: Mr. Chairman and Gentlemen: I, like Mr. Morrison, 
came to listen to this very interesting and able discussion, and did not 
plan to add anything to the discussion. The Boiler Manufacturers’ 
Association, speaking for them, are particularly interested in safe 
vessels and are glad to see and learn of the cooperation between the 
American Welding Society and the A. S. M. E. Boiler Code Committee. 
I don’t think there is anything further to add to that statement. They 
are particularly interested in obtaining safe structures, and feel that 
this code or the code when it is in its final shape, will assure such 
vessels, 

Mr. E. R. Fish (Combustion Engineering and Member Boiler Code 
Committee): Mr. Chairman and Gentlemen: As I have sat listening 
to what has been said, a good many thoughts have occurred to me, 
both as a manufacturer and as a member of the Code Committee. 
One of the things that the Code Committee has bothered itself with 
is this difference of opinion among men who are supposed to know all 
about the game. Some advise us to do one thing, and some quite the 
opposite. We sit in a judicial position, where questions must be de- 
‘ded one way or the other, and we can only use our best judgment. 

the March issue there was published in Mechanical Engineering 
ese proposed specifications. That came out early in March. Up to 

ate there has been received in the Boiler Code offices in writing, I 








40 JOURNAL OF THE A. W. S. [July 


believe, only 12 replies. I think one or two of those commented on 
most of the points; most of them commented on only one or two. | 
was inclined to think perhaps it was a lack of interest, or possibly a 
lack of information on the part of a good many that they didn’t want 
to say what they thought. I am rather glad, however, to note by the 
discussion that has come out here this afternoon, probably a good 
many more have read it than was evident by the written replies. But 
that doesn’t help the Committee. If we don’t get the information it 
doesn’t do us a bit of good. So that I want to make a plea that if 
you have got anything to say, for heaven’s sake say it, and the 
sooner the better. 


In issuing specifications of this sort, it is well always to make them 
as drastic as possible. If you hit a man pretty hard you are going 
to get a pretty hard comeback. If you hit him with a pillow he isn’t 
likely to say very much. It is much easier to come down in the re- 
quirements than it is to go up, and if there appear to be things in 
them that seem pretty drastic to some of you, there is a possibility 
that they may be reduced somewhat if proper evidence is offered that 
it is advisable that they should be. 


One of the difficulties just now is that the pressures for which we 
are designing are going up, and boiler manufacturers are really more 
interested in the application of welding to the fabrication of high- 
pressure containers than they are to the lower pressure ones. We 
can rivet pretty well up to thicknesses of two inches, even over that, 
and it is the cheap, economical way as yet by which to build boiler 
shells and drums, but when we get up to the high pressures, we have 
to at present go to the seamless forged drums. It is pretty expensive, but 
they are certainly the ideal structures. If fusion welding will give a 
method of fabrication that is more economical, cheaper in cost, and 
sufficiently good, if not just as good, that is what we want to use. 
Boiler manufacturers recognize that probably fusion welding is coming. 
I don’t doubt that it is. Most of us are prepared now to do anything 
in the riveting line up to pretty heavy plates, but we have got a lot 
to learn about welding. Shall the manufacturers do the welding or 
shall those who are already equipped do it? If we do, then our shops 
aren’t much good. We have a plant that is equipped to do one thing, 
and we want to do something else, but have to let it out and give the 
other fellow the benefit. He makes the drum on our order; he gets 
paid for it promptly, but he doesn’t take any of the responsibility 
that goes with the fabrication of the boiler and its operation and 
everything that goes with it thereafter. Most of the boiler manufac- 
turers contemplate the possibility of getting into the welding game 
themselves, but until we have something definite to go on in the wa) 
of procedure specifications as to what results must be, we can’t get 
very far, although, I think, all of them are doing more or less experi- 
menting as best they may. 


One point about nomenclature—we have definitely discarded the use 
of the word “annealing” in reference to the heating of the vessels 
after the welding process. We would rather prefer the word “stress-re- 


? 


lieving” because, primarily, I think that is what is intended the effect 
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should be—to relieve the locked-up stresses due to the heat effects in 
the process of construction. Annealing, properly speaking, means 
the change in grain structure. A heat treatment is used for the 
purpose of changing the molecular structure of the material. That 
takes rather higher temperatures in this low carbon material at any 
rate than just to stress relieve. So that I want to bring that point 
out in order to avoid confusion in the use of the term. We use the 
term “stress-relief’” when the vessels are heated up merely to differ- 
entiate, and not let any one get the idea that we are trying to change 
the molecular structure. It is purely for the purpose of equalizing 
the stresses throughout the metal. 


“One question I want to ask of those who advocate the method of 
testing by hammering. When we get up into these heavy thick plates, 
two inches, two and a half, three, four, five, six, perhaps, is the ham- 
mering method practical? Can you hit the structure hard enough to 
really make it count? It seems to me in the case of thick plates that 
it would take a tremendously heavy hammer to give an effect that 
is proportional to even a lighter hammer on a very much thinner plate. 


The specification as gotten up, is purely for results. One speaker 
intimated we ought to have something in it to tell how to do the work. 
That isn’t the purpose at all. The specification is intended primarily 
and entirely as a means of determining what is the result of the 
welding after it has been done, irrespective of the men, material and 
method used in doing it, and that is, after all, the primary object. 
We want to get a weld metal, the physical characteristics of which 
are theoretically, at least, the same as the base metal. That is prob- 
ably practically impossible, but let us say then that we must have 
weld metal the physical characteristics of which reasonably approach 
those of the base metal. Then, in addition, if we can prove positively 
that the weld is sound after it is made, I think that we will have 
assured every one who is interested, the insurance men and the cus- 
tomers primarily, that it is a safe method of constructing pressure 
vessels. 

Chairman Low: I am sure I have failed to call upon many who 
could contribute interesting thoughts and ideas to this discussion. 
I believe I am right in saying that the Society will welcome the sub- 
mission of those suggestions and discussions in writing, and I know 
that I am right in saying that the Boiler Code Committee not only 

elcomes, but solicits, such suggestions and such criticisms of the 

ntative Code as published. Therefore, with thanks to those who have 
ontributed to making the meeting so interesting, I resign the gavel 
your President. 


Following a few announcements, the meeting adjourned at 5:10 
n.) c 


THURSDAY MORNING, April 24, 1930 
he Third Session convened at 10:15 a. m., Mr. J. J. Crowe presiding. 


hairman J. J. Crowe, Air Reduction Sales Company: As I under- 
d it, the program has been somewhat broken up this morning due 
th of the speakers having engagements which makes it impos- 
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sible for them to be here this morning. The first paper on the program, 
“What the Architect Wants to Know About Welding,” is scheduled 
to be given by Mr. Russell Whitehead, Editor of “Pencil Points.” Mr. 
Whitehead not being able to get here, has arranged to have this paper 
presented by Mr. Kenneth Reid, Associate Editor of “Pencil Points.” 
It gives me great pleasure now to present Mr. Reid. 


Mr. Kenneth. Reid, Associate Editor “Pencil Points”: Mr. Chairman 
and Gentlemen: Mr. Crowe has seen fit to dignify what I am about to 
say by giving it the name of a paper, but since I was only called upon in 
an emergency to fill in in place of Mr. Whitehead, who was forced to go 
to Chicago to address a meeting of the National Lumbermen’s Associa- 
tion, I can hardly say that I have had any time to rrepare a paper. How- 
ever, I will give you a few ideas, as I look at it, as to what the architect 
wants to know about welding. 


First of all, it is, perhaps, well to clear up the idea of what an 
architect is. A great many people, when you say “architect,” think 
of a temperamental, artistic type of man, and they forget that any 
successful architect must, either in his own person or in the persons 
of his associates, combine in his organization ability for not only the 
artistic side of the profession, but for the purely practical side— 
which amounts to about the same thing as engineering. 


In telling the architect about welding, you are appealing to his 
practical side. There are about 10,000 architects in this country. Of 
those I imagine that the greater part lay more stress on the practical 
side of their work than they do on the artistic side. There are com- 
paratively few of them that are superlative artists, but very one of 
them rests his rerutation on the practical side of his work, which 
makes his building stand up and serve its purpose without undue 
expense for repairs and upkeep. 


The architect is really anxious to be informed about all the new 
processes and materials and equipment that go into buildings. I was 
talking with an architect not so long ago who told me that every month 
he felt it his duty to scan the pages of all the architectural magazines, 
just simrly for the purpose of keeping abreast of the latest develop- 
ments. He finds that they are announced there first, and he wants 
to know about them before some client comes along and asks him, 
“What about using so and so on my building?” He wants to be so 
well posted that he doesn’t have to answer, “I don’t know anything 
about that.” 


What does the architect want to know about welding or about any 
other technical product that goes into buildings? First of all, he 
wants to know all he can find out about the nature of the product or 
the process and how it is used. Probably a good percentage of archi- 
tects will be a little conservative and they will want to know, “Has 
this material or process been tried out, and if so, how has it stood 
up under actual practical conditions?” If every one felt that way, 
‘we wouldn’t get anywhere, because no one would take the trouble to 
make the experiment, but I notice that the matter of welding is making 
good headway among architects, because there are two buildings of 
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some architectura] consequence which are now being erected; one of 
them in Los Angeles, as you probably know, and one in Boston. One 
is a 18-story building, as I understand it, and the other is a 14-story 
building, and they have both been designed by reputable firms of 
architeets. Other architects are watching the progress of those build- 
ings, and will watch what they do and the way they stand up in ser- 
vice with a great deal of interest. 


In informing the architect of the matter of welding, he will want 
to know all about the qualities of welding as compared with the prac- 
tice of riveting, with which he is more familiar. He will want to 
know about the relative strength that can be developed; he will want 
to know about the limitations, if there are any; as to how it can be 
used, whether applied to structural members or to piping. 


It seems to me, not knowing very much of anything about welding, 
that it offers a tool of great flexibility in putting together buildings. 
The open-minded architect will undoubtedly welcome all the infor- 
mation he can get. 


After the architect has satisfied himself as to the practicality of 
the process and he knows that the buildings that are welded are going 
to stand up and that pipelines are going to hold without developing 
leaks and needing repairs, he will want to know something about how 
much it is going to cost. If it costs too much in comparison with the 
familiar methods of riveting structural shapes and joining pipes by 
means of fittings, he is not going to be so interested, but if it can be 
demonstrated to him that welding compares favorably in that respect, 
he will be only too glad to specify it, other things being equal. 


Then he will want to know just how to specify. Mr. Featherston 
has told me that in the past the line of attack has been through the 
contractor; that you have attempted to sell the contractor the idea 
of welding in the hope that he will be able to persuade the architect 
to change his specifications and substitute welding for whatever 
; method was originally intended. Well, that may get away in some 
cases but how much better it would be if you reached the architect 
in the first place and had him introduce the matter of welding into 
the specifications which are to be followed by the contractor. 


We can’t generalize about the architectural profession. I have been 
=» working for the last two or three months on the preparation of a 
document that is to be circulated largely among the lay public in an 
attempt to clear up some of the misunderstandings as to the functions 
of an architect. In doing that, I have had to describe the average 
architect or the ideal architect, and there really isn’t any such animal. 
Architects vary just as any other class of men. Some of them, you 
will find, will be very conservative. 


| was recently talking to an architect in a big New York office about 
a new type of radiator, the fin type radiator. He said he had heard 
of it, but he wasn’t particularly interested in giving it a trial until 
} it had been in service and had demonstrated its worth for a pretty 
long period. He wanted to be shown that it would stand up for ten 
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years or more before he would try it. He told me of another type 
of radiator that had been brought out, a pressed steel radiator, some 
years ago, for which great things had been claimed. This radiator, 
as it turned out, did not stand up in actual service, so that he was 
reluctant to try out the fin type. The same man would, undoubtedly, 
be equally reluctant to try out such a new thing as the welding of 
buildings. 


Chairman Crowe: I think we will reserve discussion of this paper 
until after the next paper has been presented. Mr. Tallmadge, who 
was to present the next paper, “What the Architect Should Know 
About Pipe Welding,” finds that it is impossible for him to be here 
this morning, but J] am going to ask Mr. Moss, who is scheduled to 
enter into the discussion of these papers, if he won’t say a few words 
to us on what he thinks the architect should know about pipe welding, 
and then later on we will have a discussion of both papers. 


Mr. H. H. Moss, the Linde Air Products Co.: Mr. Chairman and 
Gentlemen: It was but a moment ago that I was asked to pinch hit 
for Mr. Tallmadge, who, unfortunately, cannot be with us this morn- 
ing, and I am somewhat at a loss just how to approach the subject at 
such short notice that will encourage general discussion on the weld- 
ing of building piping. Mr. Tallmadge has, in the past, dealt upon 
this subject in considerable detail, and I know that if he were here this 


morning he would have presented many interesting features of welded 
building piping installations which my unpreparedness prevents touch- 
ing upon. 


From the standpoint of construction, there is a particular work under 
way now that is going to do much toward straightening out many of 
the problems before the architect in regard to the utilization of weld- 
ing in welded piping for buildings. I refer to the activities of the 
Heating and Piping Contractors National Association toward the de- 
velopment and promulgation of a set of Standards for building piping 
up to and including services of 250 lbs. pressure at the outside, which, 
according to my information, are about completed, and to be published 
some time this year. The Sub-Committee doing this work, assisted by 
outside men competent in the welding of piping, are preparing stand- 
ards for welding piping, taking into consideration the design of the 
joint, the qualification of welders, standard fittings that are now 
available and those which can be readily made up on the job, testing 
of the completed system, and practically all the essentials that one 
need be concerned about. 


I think one of the main obstacles or deterrents in the broader 
utilization of piping in the hands of the architect is due to the fact 
that he hasn’t had the same privileges and latitudes with welding in 
his contractual relations as he enjoys with other methods of con- 
struction, and, too often has received conflicting advices from members 
of the welding industry. Upon the promulgation of a set of standards 
for building piping, such as I mentioned, I am sure that he will be 
more willing to engage in welding and specify and encourage it when 
he knows that his work will be done under a common standard. 
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Getting away from this aspect of the subject, I think we have about 
reached the dawn of a new era in welded piping, and I wish to qualify 
this statement by saying that I refer to the tendency toward the 
manufacturer of lighter wall piping. In welding we develop joints, 
generally speaking, 100 per cent efficient, and up to the present time 
have had to use standard weight piping for general building purposes. 
The factors of safety in many of these installations run anywhere from 
10 to 30, and at times a great deal higher. There is apparently no 
need for such factors of safety in many of these installations. They 
are not common with other materials of construction. With lighter 
wall piping, we should not only save quite a little expense-in piping 
materials, but also in other materials of construction, due to the re- 
duction in load on these other materials which support the piping. 


Further than that, we are getting away from the question or argu- 
ment as to the efficiency of a welded joint. Modern welding materials 
and practices provide weld metal that will develop a strength equiva- 
lent or better than that of commercial building piping, and therefore 
the designer will not have to concern himself as to whether the joint 
is going to be strong enough for a particular service. 


Of course, the question comes up as to whether one is going to 
get that class of welding and weld metal on the job, but with the 
enforcement of the standards before mentioned, which will be those 
of impartial organizations or representative organizations of the weld- 
ing industry, the contractors’ men would have to qualify under these 
standards, insuring proper workmanship, and while we may not at this 
time be able to go out and get bids from contractors on such specifica- 
tions or standards, I do not think it is going to be very long before 
this situation will prevail. 


Further than that, we have witnessed in the last few years the 
development of special fittings for welding, especially prepared so 
that when they are taken out of stock they can be placed directly into 
the pipe system and be welded, having the proper bevel machined on 
the ends of the fitting. A one piece elbow, known as the tube-turn, 
and flanged welding stubs are very interesting developments along 


this line which have benefited the architect and contractor consider- 
ably. 


One of the questions in the mind of the architect is in connection 
with the protrusion of weld metal to the inside of the pipe which, 
when occurring, causes interference with the free flow of substances 
transmitted within the piping, and there is probably a great deal of 
justification for their concern about this matter. A great many weld- 
ers have this fault, and it is a serious one where the velocities are 
high or where the area of the pipe is designed within close limits. 


it seems to me that for the ordinary piping services where the 
Pressure is reasonably low and where the temperatures are not ex- 
cessive, it is not at all necessary to have penetration of the weld metal 
below the inner root of the weld, and I know that a number of con- 
“\cctors favor this principle. We usually obtain a 20 to 25 per cent 
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reinforcement of the outside of the weld and the factor of safety of 
the resultant joint is probably way beyond that actually necessary. 


When it comes to the high-pressure services, where we want a 1(0 
per cent penetration and a full strength joint, a recent development 
has utilized a backing-up strip to insure this condition. Some of 
these strips are provided with pins to predetermine the spacing, which 
are melted out in the course of a welding operation. Where we are 
working with high duty service piping, we can afford to true up the 
inside of the pipe to make the backing-up strips fit much better than 
if we took the at-random condition. With the exercise of a little care 
of the placement of these strips (and in some cases they have had 
mandrel support), the results have been very encouraging. The psy- 
chological effect upon the welder is that he will unconsciously go 
down to the bottom of the Vee simply because he has something to 
support his weld metal upon. The rate of welding was, in one particu- 
lar case where these strips were used, doubled. 


In addition, the angle of bevel was reduced from 90 degrees to a 
total of 60 degrees, which calls for less weld metal and which has 
quite an influence toward reducing cost. With the proper selection 
of welding rod or resultant weld metal for a particular class of piping, 
the joints will have a dependable strength, and in addition it has 
been found that the ordinary qualified welder, not a man of extreme 
experience, has been able to utilize this principle of joint assembly 
to about the same efficiency as the expert. This method has not been 
generally introduced as yet, but has been applied on quite an impor- 
tant pipe line, and is being considered now by a number of people 
for general high-class piping construction. 


In conclusion, I think it is well that we encourage the thought that 
the architect need not have to depend upon the judgment or the 
advices of individuals in regard to the construction that he is re- 
sponsible for. There is nothing particularly complicated about weld- 
ing or its processes. I think we should encourage him to stand on 
his own feet and specify what he wants in a welded piping system, 
and thereby control his welded construction as he does other con- 
structions that form a part of his work. Today, when so much has 
been published and so much recognized in a broad and impartial way, 
a little investigation on his part or some impartial assistance would 
lay before him all the essentials he needs to safeguard his installa- 
tions. I thank you. 


Chairman Crowe: I think we will defer the discussion of the paper 
on pipe welding until after Prof. McKibben has replied to the more 
general question, “What the Architect Wants to Know About Weld- 
ing.” So at this time it gives me great pleasure to introduce Prof. 
McKibben. 

Prof. F. P. McKibben, Consulting Engineer: Mr. Chairman and 
Gentlemen: I think this first speaker is correct when he says that 
the educative process regarding the application of welding to steel 
buildings should begin with the architect and the structural engineer, 
not with the general contractor. If the process of welding is desirable 
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for steel buildings, it is the duty of the contractor to carry out the 
recommendations and the orders of the engineer and the architect. 
Therefore, the initiation of the process should start with the architect 
and not with the contractor. Not that the education of contractors 
isn’t desirable, but I think in this particular instance we ought to 
start with the architect. An architect should know that welding build- 
ing construction of limited size was started about 1916, and that of 
all the welded buildings ever constructed there has never been a 
single failure. He should know that over 100 steel buildings and 
bridges have been totally or partially welded in the United States, 
these varying from one story in height to eleven stories. Two of the 
largest steel companies in the world each have a contract at present 
for a 14-story shop-riveted and field-welded office building. A very 
large office building is now being erected in Los Angeles which has 
all of its earthquake basing shop and field-welded, but the rest of the 
structure is shop-riveted and field-riveted. The cost of a multi-story 
shop-riveted and field-welded building frame is practically the same 
as all-riveted at the present time. 


Whereas, four years ago, only one large steel company would under- 
take to make a welded building, recently within the past month four 
of the largest fabricating companies in this country bid on a shop- 
riveted and field-welded 14-story building. 


He already knows that welding is noiseless. He should know that 
generally in welding plate girders or trusses considerable savings in 
weight of steel are possible, but that in a multi-story building not 
much saving in weight is possible, except at prohibitive cost. 


He should know that some, but not all engineers, are convinced 
that welding steel is a safe method of fabrication and has come to stay. 


He should know that some, but not all, responsible engineers stand 
ready to assume charge of design, supervision and inspection of 
welded bridges and buildings. That welding properly performed is 
safe and strong. With extreme care greater efficiency can be reached 
in welded joints than in riveted joints, but as welding goes and rivet- 
ing goes, the net efficiency probably isn’t very different in the two 
cases, 

He should know and will be interested to know that seventy-seven 
municipalities have incorporated welding legally in their building 
codes, of which Dallas, Texas, is the largest, with a population of 
nearly 300,000; Wilmington, Del.; Syracuse, N. Y.; Lynn, Mass.; Bir- 
mingham, Ala., are among the larger cities thus far included. 


He would be interested to know that the permissible unit stresses 
as set forth in the American Welding Society’s building code, have 
been adopted in all the 77 cities. Therefore the unit stresses thus far 
adopted legally in the codes are uniform throughout the country. 


He would be interested to know that a specification for welding 
Stel buildings, such as an architect would incorporate in a general 
specification for welding a building, is available, and has been tried 
In at least ten or twelve structures with success. 
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He would be interested to know, and he can easily find out, that 
he can secure information about cost by asking for alternate bids, 
first, for an all-riveted job, and second for a shop-riveted and field- 
welded job, and, third, for an all-welded job. At present he would 
probably get bids for each of those processes. 


The question has been asked as to the legality of the Boston build- 
ing, which is now being field-welded. That building is being erected 
under a special permit granted by the Commissioner of Buildings. 
The same thing was done in the Los Angeles building, and there 
are many of the larger cities which will give special permission for 
a welded building when the building commissioner is assured that 
the structure is to be erected by a responsible party, but those same 
commissioners in many cities are not willing to throw the welding 
open to general use, because they feel that they do not have sufficient 
control. 


Mr. Moss: I want to ask Prof. McKibben if the efficiency of that 
type of connection has been calculated and compared with the efficiency 
of a riveted connection with one leg attached, and on the basis of the 
full efficiency of the angle under a uniformly distributed load. 


Prof. McKibben: We have made calculations on the relative effi- 
ciency of this type of welded angle and a riveted angle. In a riveted 
connection, a clip angle is generally put on the outstanding leg with 
rivets through the outstanding leg and with rivets through the clip 
angle into the connecting plate. Those clips do not add a great deal 
of strength. The additional clip, while it adds a little is very dis- 
appointing in the increased efficiency. With a welded joint I think 
we can get at least 10 per cent more efficiency than we can with a 
riveted joint, even with a clip angle riveted on the two legs. 


Mr. A. G. Bissell, Consulting Arc Welding Engineer: I wanted to 
ask Prof. McKibben the speed he mentioned there, nine feet per 
minute, or nine inches per minute. 


Prof. McKibben: If I said nine feet per minute I made a mistake. 
It was nine inches per minute. 


Chairman Crowe: We will throw the meeting open for a general 
discussion of the two subjects, “What the Architect Wants to Know 
About Welding” and “What the Architect Wants to Know About Pipe 
Welding.” We will make no effort to separate the two papers as far 
as the discussion is concerned. 


Chairman Crowe: It seems to me from what we have heard that 
if we were in the architect’s place we might ask very properly one 
or all of the following questions, and perhaps some more: 


First, what is the comparative resistance to flow in pipes of the 
welded type and those that are put up with fittings, whether it be 
gas, water or steam? 


Second, how do the two methods of fabrication compare as to cost? 


Third, what is the relative durability? Will the welded joints stand 
up longer than the old screw joints or the flange type of joints? 
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Fourth, what is the cost of upkeep on systems installed by the 
welding process as compared with systems installed by the older 
methods? 


Fifth, what is the availability of the process? Can you get con- 
tractors to put in piping systems by the welding process as easily as 
by the older process? 

Sixth, what is the requirement as to space? That is, if you are 
running a large number of pipes through a tunnel or duct, will the 
welding method of installation require less space than some other 
method? 


Seventh, have the architects specifications which will enable them 
to specify welded installations? 


Eighth, will the codes in the various cities permit the installation 
of welded installations? 


It seems to me that these are just a few of a great many questions 
which architects might very properly ask, and questions which we 
should be prepared to answer, and we might endeavor to get an answer 
to some of them here this morning. I wonder if Mr. Llewellyn will 
start the ball rolling either as to pipe welding or welding in general. 


President Llewellyn: Mr. Chairman and Gentlemen: I know 
nothing about pipe welding, and therefore I am well qualified to speak 
on the subject. Seventy-five years ago Thomas Carlyle claimed that 
the highest orator was he who said nothing; that speech might be 
silver, but silence was golden, and he demonstrated it in 49 volumes. 
However, I have watched the application of welding to pipe work 
with a great deal of interest, and am informed by one of the largest 
steam-fitting contractors in New York City that it works admirably. 
One of the points that the Chairman mentioned as requiring answer 
related to codes. The Committee on Building Codes of this Society 
has already prepared a code covering the application of fusion weld- 
ing to steel framework. It has been well received. That is only a 
part of the program, part A, it is called. Parts B and C are now in 
course of preparation. Part B covers welding as applied to low 
pressure piping. It has been somewhat delayed in order to be thor- 
oughly coordinated with a code for the application of welding to 
high-pressure piping as in power systems, for the two fields of appli- 
cation have a good deal in common. 


When you come to the question of welding as applied to steel 
‘mework I am thoroughly in accord with what has already been 
said and can add little to it. 


¢ 


\s regards cost, it must be remembered that up to date no fabri- 
cating shop has had sufficient business to keep a welding department 
continuously busy. Consequently, the organization has had to work 
for a while on riveting work, and then has had to turn around with 
cl nged psychology, changed equipment, changed methods, and has 
Seon called upon to weld. Such sandwiching cannot result in low 
cots. Until there is sufficient business to keep a welding department 
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in a fabricating shop continuously busy, I do not look for the best 
economy in the welding operation. However, even with those draw- 
backs, welding has proved more economical than riveting in several 
types of construction. Some of those were mentioned by Prof. Mc- 
Kibben, such as truss-work, where the decrease and sometimes the 
elimination of gusset plates results in a saving of twenty to twenty- 
five per cent of the weight of the truss. 


When you come to beam and column work, as in ordinary tier build- 
ings, there is not much saving in weight possible except by the as- 
sumption that the ends of the beams are fixed so that they act as 
continuous members. That assumption is usually made today in all 
reinforced concrete construction. Whether it acts that way, I don’t 
know, but that is the assumption, and it is one of the large factors 
in the popularity of reinforced concrete. It has not been generally 
adopted in riveted construction for a number of reasons. 


I am in sympathy with any efforts to ascertain to what extent beams 
so fixed can be considered as continuous, but am a little doubtful! 
as to whether the net result will prove economical. It may be that 
the extra welding needed to make the ends of the beams 100 per cent 
continuous will more than offset the saving in weight. 


Another question, and perhaps the most important question that 
the architect wants answered (and here I run the risk of repeating 
what I have said before) is the question of reliability in welds. Off- 
hand we hear the question asked, “How can we know that the weld is 
good? How can we eliminate the human factor? These are proper 
questions, and there is nothing to be gained by attempting to sidestep 
their answer. There are methods whereby the soundness of a weld 
can be determined in a non-destructive manner. The oscillograph and 
various other electrical methods are feasible. True, they are more 
applicable to laboratory than to field work. The stethoscope promises 
very well. Visual inspection is, in my judgment, one of the most 
potent methods, if we would only become familiar with it, of determin- 
ing the soundness of a weld, but when all is said and done and, 
recognizing the importance and the value of these non-destructive 
methods, it is my opinion that from a rigorous standpoint it is no 
more possible to be absolutely sure that a given portion of a weld is 
sound without destroying it than it is possible to be sure that an 
individual rivet fills the hole without destroying it. I do not refer 
to determining the tightness of the head of a rivet. That is easy. 
We all know that an experienced riveter who has driven a poor rivet 
can make it sound tight by putting his pneumatic gun a little bit to 
one side and giving it a kind of a caulking blow. It will ring true 
when the inspector comes along with his hammer, but it won’t be a 
good rivet. It doesn’t matter particularly. The rivets on both sides 
of it are good, and while I am not condoning such rivets, I don’t 
consider the matter disastrous. We have confidence in rivets, and 
properly so, but that is not because the inspector’s hammer rings true 
when applied to the head. It is because we have used them for 4 
years, and have found them to be satisfactory. We have confidence 
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in the rivet as a result of experience. That feeling of confidence has 
been a matter of growth. 


I recall as a draftsman 40 years ago the specifications for rivets 
read about like this: “Shop rivets shall be subjected to an allowable 
stress of so much per square inch. Field rivets shall be subjected to 
not more than two-thirds of this stress.” I challenge you to look in 
the specifications in common use today and find such a clause. It is 
not there. How do the specifications today read? They read: “Ma- 
chine-driven rivets shall be subjected to an allowable stress of so 
much per square inch. Hand-driven rivets shall be subjected to not 
more than two-thirds of this value.” We have acquired confidence in 
the machine-driven rivet, but it has taken many years to do so. Sim- 
ilar confidence has got to be acquired in welding and that can only be 
done by familiarity. 


If any one doubts the suitability of welding in an important job, 
then use it in a non-important job, but get familiar with it, because, 
gentlemen, it is coming. 


Familiarity and confidence can be secured by the making of tests 
not sufficient to break your structure but sufficient to test it at one 
and a half or even two times the load to which it will ultimately be 
subjected. Confidence may be secured by qualification of the welder, 
but above all the thing that I ask is familiarity. Get posted. Get 
acquainted with welding. Get welding-minded. 


Mr. Hughes, Truscon Steel Co.: I would like to ask Mr. Llewellyn 
a couple of questions. You made mention of the new welding code, 
edition of which will be published in a few days. Does that carry a 
clause in it or does it make any mention of resistance welding? 


President Llewellyn: The code that was published a year ago, cov- 
ering the application of welding to the framework of buildings, covers 
only fusion welding, not resistance welding. The Committee on Build- 
ing Codes has endeavored to secure data that would permit the inclu- 
sion of a suitable reference to resistance welding by correspondence 
with Mr. Burton, consulting engineer for the Steel Joist Institute. I 
hope that such data may be forthcoming, but at present they are not 
at hand. 


Mr. Hughes: Do I understand, then, this new code will not have 


any reference made to resistance welding? That is the part I want to 
know. 


President Llewellyn: I think that is correct. The code as put out 
by the Building Codes Committee of the American Welding Society 
primarily gives what in its judgment are safe unit stresses. That is 
the big job that was done by the Committee. As far as I know, no data 
have been presented whereby similar rules could be promulgated with 
regard to resistance welding. We should like very much to include 
them but we have not got the groundwork. 


Mr. G. A. Hughes, Truscon Steel Company: It was last August, I 
believe, there was some correspondence between myself and the Amer- 
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ican Welding Society and I believe it was yourself that suggested 
Mr. Burton to serve on that committee. It was agreeable to us. Wel! 
then, I do not believe it is fair to publish a code in which resistance 
welding is ruled against by the interpretation of that code by some 
of the building inspectors. Now, it isn’t necessary for me to exploit 
the good deeds of resistance welding, because we do know that the 
minimum efficiency we get with the parent metal with resistance weld- 
ing is around 93 per cent, and at the welding symposium at Lehigh 
University I believe they ran up to 96 per cent. Is that right, Pro 
fessor Jensen? 


Prof. C. D. Jensen, Lehigh University: 1 don’t remember the per- 
centage. 


Mr. Hughes: They were somewhere in that neighborhood and fa 
surpassed anything that was tested in the way of arc welding. Your 
automobiles, your torque rods, the landing gear of airplanes and wher 


the greatest amount of shock can come are resistance welded. 


Mr. Lawrence, E. B. Badger & Sons Co.: There are many questions 
which the architects and engineers could ask about pipe welding, but 
there are two very important ones which they are asking and looking 
for authentic answers to: 


First: This applies particularly to gas welded pipe lines. Is 
necessary to anneal the welds in pipe lines and if so to what tempera- 
ture and how far back from the weld? 


Second: In many cases where there are large pipes involved 01 
when there is not room enough to get under the pipe or where theré 
are not available welders who can weld overhead, the contractors 
are using so-called box welds. These welds are made by cutting a sec- 
tion out of the top of the pipe and welding the bottom from the inside, 
then replacing the cut-out section and welding it in place. Is this 
type of weld going to be recognized as good construction and can we 
assure the architect and engineer that it is approved standard prac- 
tice recognized by the Society. 


Chariman Crowe: I am going to ask Mr. Schenck, who has had a 
great deal of experience with the Bethlehem Steel Company, what his 
opinion would be. 


Mr. C. Schenck, Bethlehem Steel Company: We use mostly arc weld- 
ing on our pipe shop. We have men who can do overhead welding, but 
we never employed that method of cutting out a section of the pipe. 
As far as annealing is concerned, we have not found it necessary to 
anneal pipe for the pressures that we carry, running up to 150 |b. 
We make all our welds without annealing. 


I would like to say a few words in connection with the discussion, 
“What an architect should know about welding.” It seems to me that 
it is true, and I agree with the other speakers that the architect should 
be the first one approached and, in addition to that, the architect 
should insist upon his men becoming familiar with welding. That is, 
the engineers and the draftsmen. We find in our work that it doesn't 
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take a great deal of time to train good welders. We have a training 
school and within six months we can make very good welders for 
horizontal work and vertical work, but our engineering department 
(I find that true in other places) do not know enough about welding. 


So, therefore, I believe the architect should have a welding engineer, 
and the knowledge that the welding engineer has should be passed 
along. I think this is very important. There is no trouble getting 
good welders. The trouble is getting good designers at the present 
time or designers who are familiar with welding. 


In connection with the battledeck floor that Professor McKibben 
talked about, we are building two large open-hearths and the open- 
hearth floor is steel plate construction and is ordinarily riveted to the 
beams. We have one open-hearth at Sparrow’s Point requiring 80,000 
lin. ft. of welding. We are going to weld the plates to the tops of the 
beams. We have another open-hearth going up in Buffalo that will be 
very similar in construction. 


With reference to the cost, comparison of the cost of riveting and 
welding, the estimate on welding is no higher than riveted construc- 
tion. The saving that will be made will be in the cost of punching 
350,000 holes in the plates and the tops of the beams and the counter- 
sinking of those holes for flush-riveted construction. 


Mr. E. A. Doyle, The Linde Air Products Company: Just a few 
moments ago Mr. Hughes stood before us and talked about the omis- 
sion of his type of welding. Mr. Llewellyn in his talk or in his 
reply to him gave him the facts. I was chairman, possibly am yet of 
the Building Code Committee. I want to say that last fall we ap- 
pointed Mr. Burton to that committee. We asked for the information. 
It was not forthcoming. There is absolutely no intent on our part to 


exclude any welding that can meet the specifications and pass the 
tests. 


I take this opportunity as my first public act as the President of 
this Society to offer to Mr. Hughes membership on the Building Code 
Committee and to tell the Society and Mr. Hughes that our second 
edition, which is now in page proof, will be held up a reasonable 
length of time if he can present us with data that will satisfy the 
Building Code Committee that this type of welding should be included 
and can furnish us with reasonable information in a reasonable time. 
| would like you to accept that appointment. 


Mr. Henry Goldmark: I hesitate somewhat to say anything about 
welding on this occasion because in my practice I have not had oppor- 
tunity to use welded joints on a large scale as structural engineers 
have used riveted joints for centuries. I have, however, been con- 
ted with certain important works where, at the present stage of the 
art, welded joints would have been of great value both as to economy 
and strength. I am thinking of two classes of work built by me. One 
designed in Utah thirty years ago, consisting of a steel pipe 6 ft. in 
ameter, in one of the earliest hydraulic plants. This steel pipe was 
a out a mile long with a minimum head at its open end of 100 ft. cor- 


ne 
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responding to 45 lb. per square inch, increasing gradually to 500 ft. at 
the lower end, or 50 lb. per square inch. This work was described 
in detail by the writer in a paper published in the “Transactions of 
the American Society of Civil Engineers” in 1897. The pipe was de- 
signed like a Scotch boiler with the longitudinal splices consisting of 
an inside plate 16 in. wide with six rows of rivets and an outside plate 
10 in. wide with four rows. The round-about plates were 101% in. 
wide with four rows of rivets. The main plates were from *% to 
11/16 in. thick. The rivets varied from % to 1% in. in diameter. 
They were driven by power riveters of several different types. 


It seems quite clear that at the present time the use of a suitable 
plant for welding would give much better results for rivets are very 
expensive and troublesome to drive in the field, and there were quite 
a number of leaks for it was difficult to repair in the field. The rivet 
heads also increased the friction from the flow of the water through 
the pipes very considerably. Such pipes are, of course, welded nowa- 
days, but it is perhaps well to emphasize the advantages of welding. 


The second class of work to which I wish to refer consists of 
hydraulic structures, which are obliged to withstand static pressure 
when the water is at times higher on one side than the other. I refer 
particularly to structural dams, such as are used in river regulation 
and elsewhere and especially lock gates of different kinds required in 
canals and harbors. In the Panama Canal alone there are nearly one 
hundred lock gates of steel larger and heavier than any previously 
built. The time they were designed welding was in its infancy, so 
that rivets were used throughout, and in order to secure water tight- 
ness without question all the holes were punched much smaller than 
the finished rivet. Even in the frames used for dividing up the gates 
into compartments rivets were used and much ordinary hand forging 
and caulking to secure water tightness. The total number of rivets 
in the field alone was about 6,500,000, the diameters varying from ‘. 
in. to 14% in. The gates were covered with vertical sheathing plates 
and splice plates on both the urper and lower faces. However, the 
actual sheering strength needed in the rivets was not very great. The 
rivets were placed 3 in. apart not because they were required to with- 
stand stress but in the greater part of the structure they were placed 
so close together merely to obtain water tightness. It was quite diffi- 
cult to get the rivets to fit well when so much reaming of several thick- 
nesses had to be done in the field. It would have been a great ad- 
vantage if we could have used welded joints on the entire outer skin 
and probably even in other parts of the gates where the pressure is 
more concentrated. 


From what I have seen in the last few years of the results that you 
now meet in welding, the security and safety that you can count upon, 
I feel quite sure that lock gates ought to be built with welded joints al- 
most exclusively giving a great improvement in economy and safet) 


Mr. L. H. Burkhart, Struthers-Wells Company: About three years 
ago there was a ten-story bank building erected in Warren, Pa. It 
contained a number of H columns. The fabricating shop that did 
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the work of fabricating the steel was not properly equipped with 
machines to mill the ends of the columns. So when the splice plates 
were put on there was an open gap in the columns at each splice, in 
some cases % in. wide. The architect and the inspector objected to 
that construction because it did not fulfill the requirements of the 
specifications. The columns had been erected. I was called in to sug- 
gest some remedy. We were a little afraid that the rivets in the 
splice plates were not well driven and that they would not carry the 
load, which was reinforced concrete floor construction. Each column 


length extended through two floors. So there were four splices in each 
column. 


I suggested that a weld be placed over the gaps on each side and 
also additional welding put on the splice plate along each edge. It 
was decided that this was to be the method of repair. A welding ma- 
chine was obtained which would give 300 amperes and with the use 
of a 3/16-in. welding rod a bead was laid over these joints without 
chipping a V on each side. Penetration was not quite to the center, 
but it made a very effective repair. It was first proposed to use this 
method of repair on the lower one or two splices but it worked out so 
satisfactorily that they welded all splices and it made a very good job. 


F. E. Rogers: I think the subject of this session, “What Does the 
Architect Want to Know About Welding?” is very timely. For years 
the welding industry has been trying to anticipate what engineers, 
architects, etc., want or need to promote more welding. I think one 
of the great needs is a specification that they can use. There is a 
mass of welding literature and a mass of information in the heads of 
welding engineers, but it is not coordinated; it isn’t in form that an 
architect who is not familiar with welding can use in a specification. 
During the past few months I have been engaged in collaborating with 
the Heating and Piping Contractors Nationa! Association in the 
preparation of a pipe welding manual. 


We consider one of the most important parts of this manual is the 
specification which in the long form will be virtually an abbreviated 
treatise on welding as regards pipe joints and the requirements of 
welded joints—the short form—only two paragraphs—refers to the 
long form and requires not more than one-half page of typewriting. 


The architect who is minded to specify welded piping in a building 
can use the short form of specification with the assurance that the 
specification will apply to the more extended specification that we be- 
lieve represents sound and economical practice in pipe welding. If 
the work is done by a contractor who knows his business the architect 
will have assurance that his pipe welded installation will be satisfac- 
tory when and if carried through according to this specification. 


Mr. G. H. Danforth, Jones & Laughlin Steel Corp.: Gentlemen, I 
thought I was going to be exempt. I am not a welder, as I have said 
before, but I have been interested. We have done a number of welded 
buildings. I think next week we start on our tenth and it has been a 
ver’ interesting thing to watch the development of them. I agree 
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most thoroughly with everything Mr. Llewellyn has said and what 
little I can add to it will be largely on the matter of design and detail. 


The ideal welded details are not in existence today and I don’t know 
when we are going to get them. The difference in the use, the differ- 
ence in the characteristics of a riveted joint and a welded joint is 
such that it requires an entirely different point of view in making the 
details. I have seen details of some welded jobs that indicated so 
clearly that the man making those details had no conception of what 
a welded detail should be that it was really painful. I recall one case 
in particular where the drawings were simply plastered all over with 
little angle clips that could just as well be dispensed with. They only 
added to the cost. When that particular job was finished the fabrica- 
tor who had undertaken it had no more use for welding. The quantity 
of red ink, I think, was very discouraging. 


The relative economy of a welded job and of a riveted jcb hangs so 
much upon the design and the detailing that I think all of us who 
are interested in this kind of work cannot spend our time to better ad- 
vantage than on design and detail. Not so very long ago, in fact only 
about a week ago, we were asked to bid on a job with an alternate for 
a welded proposition. The job was of a general character, very similar 
to one that we finished about three years ago and finished, I think, to 
the satisfaction not only of the owners but of ourselves. The footage 
of welding per ton in the job of three years ago was 7.4 ft. per 
ton. The job I bid on last week had 14.5 ft. per ton. If you had to 
live up to what was indicated for the welding on that, there was no 
more hope of making a competitive bid than there would be of flying 
without wings. We bid on the job with a proviso that we would be 
allowed to redesign the welding, but the job went riveted. It went 
riveted for reasons that I think every structural man here in the room 
can readily tell—the opposition that a good many structural shops have 
to welding. It was a case of beat welding no matter what happened 
and they beat it very effectively. 


Every job that we handle we try to economize on welding. You see 
so much of cases where the welding has been designed on what might 
be called paint brush methods, entirely oblivious to the fact that with 
present costs practically every inch of that welding costs somebody 
10 cents. That is going to be paid for. You can’t avoid it. It is 
either going to be paid for by the owner in his original price or paid 
for by the contractor. 

Mention was made here a while ago about some of the welded build- 
ings. We are just finishing up one building. It is the equivalent of 
fourteen stories high and I don’t think in my life I have seen a building 
that was more plumb than that. The owner was very insistent on ac- 
curacy in plumbing and he had transits range on it from al] four 
cardinal points of the compass. As near as I can tell he got that 
building within ¥% in. of being plumb from the ground to the top. 

One thing we did on that job that might be of interest was the use 


of stiff bracing. Until we tackled that job all the bracing we had put 
in any of these buildings had been rods. We used rods because we 
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didn’t know anything better. Using stiff bracing with riveted work 
by putting a little draft in the holes, you can pull them up fairly tight, 
but how to put a little initial stress in stiff bracing with welding was 
something that we couldn’t solve. We solved it on this job. Nothing 
more or less than a turnbuckle with a little flat welded on each end 
that could be clamped to the. stiff member and pulled up, and I am 
very happy to say that it has worked well. Hereafter, so far as we 
are concerned, we are not going to be afraid of stiff bracing in a welded 
structure. 


I might also say that on that particular job there are no holes any- 
where in the work except the holes for the anchor bolts. That, I think, 
is getting to be pretty close to a welded job and not a bolted or a 
riveted job, field or shop. 


In regard to the cost of different types of work, at the present time 
[ can’t see any economy in a multiple story building welded, but on 
what a structural man would call fussy work there is a very decided 
economy. Not so very long ago we had one job that was really roofing 
over a space between two existing buildings. Now you always know 
if you tackle a job like that that the buildings are supposed to be paral- 
lel, but they never are. Your columns are all supposed to be of a uni- 
form height, but they never are. So your problem is to come in there 
and put this roof up between these two buildings that are neither 
level nor parallel. With welding you can do that very nicely because 
it is easy to design a method of connection that has some come and go 
horizontally or vertically, and in that case I think we provided about 3 
in. variation each way and we did not use up all of it. 


Another little case where we used welding to advantage was on a 
one-story shop building with a flat roof—about the time we had it nearly 
finished, in fact we were all through, and the carpenter had put down 
his wood sheathing, the owner took it into his head that he wanted a 
sawtooth on that roof. Well, to try to build a sawtooth on top of an 
existing roof is a very mean job. With a little thought we concluded 
that welding was the way out. The owner marked out on the top of 
that roof the area he wanted to sawtooth. It was about 82 ft. long 
and 20 ft. wide. The carpenter cut through his sheathing on that 
thing with a saw. The roof was picked up to the position that was 
wanted for the sawtooth and the bracing welded in between. It cost 
probably one-half of what it would have cost to have done it by trying 
to punch and rivet. 


Another little thing that we did that was not so much of a job 
structurally but interesting in a way. One of our country clubs near 
Pittsburgh concluded they wanted an automobile shed. The existing 
shed was a wooden structure, but the shed was not in accordance with 
the standard maintained at the club. There had been a concrete wall 
put in there to hold a fill and onewof our friends conceived the idea that 
that wall would be a fine thing to build a shelter on, and we did it. 
That shelter is supported entirely from the wall. It comes up and 
Curves and goes over 15 ft. away from that wall and the only bolts in 
Uat are the anchor bolts fastening the structure to the wall. By 
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welding it there was no noise, the place was quiet, the club members 
were not disturbed. There is a host of things like that, gentlemen, 
that can be developed and worked on to advantage. As has been said 
this morning, the big thing to do is to get little welding under way. 
Use welding on the small stuff, if you haven’t got any faith in it for 
the bigger work and the more you live with it the better you will like it. 


Mr. E. H. Ewertz, Consulting Engineer: Mr. Chairman and Gentle- 
men: Iam rather sorry that I didn’t have a chance to hear the papers 
read and therefore take part in the discussion, but I heard a little and 
sufficient to interest me to this extent: Some of the previous speakers 
mentioned education and that is my hobby, I may say. The lack of 
knowledge of welding is the drawback today. Our structural engi- 
neers and our structural draftsmen could spend their time no better 
than to study welding technique. I had the pleasure some years ago 
to talk to a group of some hundred draftsmen about welding in connec- 
tion with ship construction and for the next several months I was bom- 
barded with requests for information. The draftsmen are very willing 
and very glad to get the information if they can only find out where 
they can get it. 


As far as the usefulness and value of the work is concerned, it al- 
most seems childish to talk about it. I played with it in 1912 and | 
have been playing with it ever since and I have yet to find a proper 


design, properly executed fail, but I have found poor engineering 
causing failure. 


I see no reason why you cannot design economically any steel 
structure and have it do its work satisfactorily if that design is exe- 
cuted by men familiar with how to apply welding. 


In the last few weeks I had the pleasure of going over the plans of 
two steel structures. One was a new city hall building in one of our 
cities and the other was a large public service building, and I was 
amazed at one particular detail. To join a beam to a column in both 
designs a clip was welded to the column and the beam rested on that 
clip. That made a very nice and simple construction, but then, in 
order to steady the beam, it being in some cases as much as 26 in. deep 
on the top flange of the beam, a small piece 4 by 6, was laid on the 
beam and welded to the beam and the edges welded to the column. 


If you had riveted construction you would have taken an angle and 
put on top of the flange and driven a couple of rivets into the beam 
and a couple in the column and it would have been entirely satisfactory, 
because the flexibility of the angle would have taken care of deflection 
in the beam, but not so when you welded a bar to the column. The 
deflection of that beam is taken entirely on the weld. That, in my 
opinion, is poor design on the part of an engineer. 


So all I can say, gentlemen, is give strict attention to your struc- 
tural engineer and the draftsman and train them properly. You can 
easily get good welders; you can qualify them and know that they are 
doing the work right; you can judge their quality of work by inspec- 
tion and you can get satisfactory results if such procedure is followed. 


1930] 


Mr 
tural 
sion 
tectul 
if th 
appli 


Th 
presi 

Pr 
prog 
“Con 
by i" 
movi 
be p 
ber 
200 
Mr. 
doul 
in il 





1930] DISCUSSION ANNUAL MEETING PAPERS 59 


Mr. Reid: I am apparently the only representative of the architec- 
tural profession present, but I wanted to say I found all this discus- 
sion very interesting and I am sure that all the architects and archi- 
tectural draftsmen and designers would have been extremely interested 
if they could have heard the various things that were said about the 
applications of welding. 


THURSDAY AFTERNOON, April 24th, 1930 


The session convened at 2.15 p. m., the President, Mr. F. T. Llewellyn, 
presiding. 

President Llewellyn: There is a number which is to be added to the 
program as printed. The first item on the program is a paper on 
“Constructing Panel Heating, by Welding at the British Embassy,” 
by Mr. R. A. Wolff, of Wolff & Munier, which will be followed by a 
movie film illustrating the paper. The discussion on that paper will 
be postponed until later in order to permit the giving of the added num- 
ber which is a single reel movie of photographs taken at the rate of 
200 per second illustrating the behavior of an arc in producing a weld. 
Mr. Card, who has made it possible for the film to be presented, will 
doubtless give further explanation. I now take very great pleasure 
in introducing Mr. Wolff. 


(Mr. Wolff read his prepared paper.) 

Mr. H. S. Card, The Welding Engineer: This film was loaned to us 
by Mr. Jean Brillié, Chief Engineer of La Soudure Autogene Fran- 
caise, a manufacturing firm of welding equipment, with headquarters 
in Paris. Unfortunately, I had just a few moments with Mr. Brillié 
in Chicago before I left for New York, so I don’t know very much 
about the film except that it is a film taken at high speed to show the 
transfer of metal in the metallic arc. It is slowed down so that you 
get the slow motion. From Mr. Brillié’s explanation I understand 
this is a shadow picture. It is made possible, as he explained it to 
me, by placing the welding arc between the camera and a source of 
light stronger than the light from the arc. In this case Mr. Brillié 
used very strong sunlight. 

(The film was exhibited.) 

President Llewellyn: I am voicing your sentiments in expressing 
to Mr. Card the thanks of this Society and meeting for the opportunity 
to see this fascinating film and I trust that Mr. Card will convey a 
similar message to Monsieur Brillié. 

Mr. A. B. Backsaw, Babcock & Wilcox: I would like to ask Mr. 
Wolff if there has been any trouble encountered in regard to corrosion; 
I mean selective corrosion. We have come across several welds where 
the deposited metal has a different composition than the weld mate- 
‘ial. In that case I presume there will be some kind of a selective 
‘orrosion due to electrolysis. I would like to know if there is any 
information about it. 

Mr. R. A. Wolff, Wolff & Munier, Inc.: We haven’t been able to 

irn of any trouble of that nature in England, where the system has 
been installed for some years, We didn’t experience any on the 
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British Embassy job. I don’t myself see any real reason why it should 
be feared. 


President Llewellyn: It is possible that someone may think of 
further inquiry, in which case it can be presented toward the end of 
the afternoon. 


Discussion paper on “Battledeck Welded Floor Construction,” by Mr. 
Lee H. Miller, American Institute of Steel Construction. 


Mr. Llewellyn: We have known the American Institute of Steel 
Construction as a good friend of ours. They have supported us mate- 
rially and personally in some of our important committee work. We 
have heard Mr. Miller before, but only in informal discussion, and this 
is the first time that we have had an opportunity to hear him from the 
more initiative standpoint of an individual paper. The subject is one 
of which Mr. Miller is the daddy. 


(Mr. Miller presented his paper.) 


I am sure every one present will participate in an expression of 
thanks to Mr. Miller for his inimitable presentation of the high spots 
of this topic. I said the high spots because I think very likely there 
may be features that those present will wish to inquire about. 


Might I start the ball by an inquiry, Mr. Miller? What has been 
done or what is in prospect with regard to any systematic set of tests 
as to the strength of this construction? You mentioned one test in 
Kansas City. What other tests if any have been made or are in con- 
templation? 


Mr. L. H. Miller, American Institute of Steel Construction: There 
have been several panels of this floor made but we have now in proc- 
ess of design and construction with the Bureau of Standards at Wash- 
ington floor panels which will be loaded to destruction, deflection meas- 
ured. It will be fireproof and tested for fire, both on the ceiling and 
the floor side, that will be tested by the standards of the Bureau of 
Standards for sound conductivity. That work is now in the process 
of construction. 


Mr. L. J. Larson, A. O. Smith Corporation: I would like to ask if 
you have any figures available on shearing stresses developed between 
the plates and the I beams? That is, if the plate and the I beam are 
to act as a key beam, there will be comparatively heavy shearing 
stresses on that weld, and I am wondering if you have any data as to 
how much is developed. 


Mr. Miller: The actual stresses that are developed for taking care 
of the stresses in the plate are as I have already stated. The 
stresses in the plate themselves are approximately 3000 to 4000 
Ib. per square inch. The amount of welding necessary to actually gen- 
erate (and I have put it in this paper, too) those stresses is from 
25 to 40 per cent of the entire length of the weld. That is, 25 to 40 
per cent of the length of the weld will generate the stress in the plate. 
which is the shearing stress that you referred to. It is, however, in 
the process of manufacture undoubtedly more economical to make the 


1930] 


whole 
times 
that | 
stress 

The 
in the 
the cé 
or no 
of stl 
place 
the b 
and ’ 


Mr 
want 





1930] DISCUSSION ANNUAL MEETING PAPERS 61 


whole weld continuous and then we have approximately two and a half 
times to three times as much welding as is necessary by the figures 
that have already been made and accepted to take care of those 
stresses. 


There is one thing that I might add at that point (and I have it also 
in the paper) that you will notice that the weld is immediately over 
the center line of the web. The question has been raised as to whether 
or not it wouldn’t be proper to have the weld at this position. The theory 
of stresses indicates that that is the logical place for the weld to take 
place, because it is the vertical shear that has to be generated into 
the bending moment and that is right in the line of the vertical shear 
and the most efficient place to accomplish the welding. 


Mr. A. C. Leake, Leake and Nelson: I have a guest with me who 
wants to ask a question. How do you take care of the expansion? 


Mr. Miller: We still have the frame in there complete with steel 
from column to column that has to move with temperature, and the 
steel girders and the steel beams are not going to be any different 
temperature from what this plate will be. So that they will move 
together and if the steel frame will function as we know that it does, 
this isn’t adding anything to it. 


Mr. Leake: I should like to ask one question. What method do you 
have of holding this plate down to the top of the beam while you are 
welding? 


Mr. Miller: The manufacturers of structural steel are now working 
on generating and producing plates that will iay flat. Some of the 
mills are ready to produce them on that basis right now, and not have 
a lateral camber of more than %& in. in something like 20 ft. In any 
event, it will be possible to take a hand welder and spot weld it at 
certain intervals that will hold the plate in place, and your standing 
on it will do it. That has been the experience at the present time. 


President Llewellyn: I rather think that roint is one on which Mr. 
Miller and his associates may look to the American Welding Society 
for suggestions. They have evolved a very interesting, a very ingenious 
and a very promising method of putting the steel together. I think the 
least we can do is to cooperate with them on those features that per- 
tain strictly to welding, such as means of clamping or otherwise hold- 
ing the material together. 


Mr. A. M. Candy, Westinghouse Elec. & Mfg. Co.: It certainly does 
my heart good to hear Mr. Miller champion the cause of welding here 
is afternoon the way he has, and I know a great many others will 
vy Amen! to what has been said. It is sure very fine and I am glad 
see this work coming along, but, like all new things, as Mr. Miller 
iid, there are always sceptics who are suspicious that the proposition 
n’t going to work out satisfactorily. I have had occasion to talk to 
me people who are just a little bit in doubt as to what the future is 
the battledeck floor. The proposition has been put up somewhat 
this way, and I would like to have Mr. Miller enlarge on this particu- 
r question. as it certainly must be of interest to everybody. 
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The way the matter has been put up to me is that if the battledeck 
floor is constructed so that its cost will be comparable with our present 
method of floor construction, then the flexibility of the floor is going 
to be such that it will meet with some sales resistance, due to the fact 
that as you walk over the floor you will feel it give, whereas in our 
present floor construction you do not feel any of that tendency. On the 
contrary, if a flooring system is designed so that it gives sufficient 
rigidity, then the expense is going to be too high. Certainly Mr 
Miller must have some thoughts along that line and I would like tc 
hear something on that. 


Mr. Miller: I had here a minute ago and gave away a copy of the 
bulletin which the Institute has prepared which gives in detail the 
deflections due to loading under various conditions, at least under the 
maximum condition, and for an 18-ft. panel the deflection is going to 
be approximately % in. under its maximum load, which seldom comes 
into existence. The only instance that we have had of any tendency 
to vibrate is in the panel that I have already referred to at Kansas 
City, where they put an initial camber in it of approximately % in., 
or the requirements of a live load of 50 lb. per square foot, to produce a 
zero stress in tension and compression in the bending moment areas. 


As far as the deflection of the plate from one beam to another, 
they will not deflect. We have loaded the floor and we know they 
don’t. The objections are based on suspicions and are negative and 
we know that those conditions don’t exist. We have had them in our 
open-hearth floors. In these light floors they don’t deflect and the 
wood floors that we have in our residences that we know are going up 
and down (we can feel them under our feet all the time) we haven't 
worried about very much. We will let you drop a piano from one 
floor on another floor and it will not go through it. It may festoon 
down and catch it like the woman who jumps out of the top of the 
circus, but it will not go through. The sensation of vibration, as 
far as steel is concerned, is at least an evidence of elasticity which is 
an evidence also of strength. The most definite evidence of strength 
that we have is the fact that it will come and go as the stresses are ap- 
plied and removed and it doesn’t come and go enough that we can 
measure it on a 16-ft. panel. 


President Llewellyn: We have heard of several types of non-de- 
structive tests. This piano test is a new form of sound test. 


Charles W. Werst, The Baldwin Locomotive Company: Mr. Miller’s 
paper has been to my mind, one of the most interesting I have heard 
in this society, on various phases of the subject. I would like to ask 
Mr. Miller if the span of the beams under the floor plate was 3 or 4 ft. 
apart. 


In the past year The Baldwin Locomotive Works have built about 200 
large tender water tanks. You know what great stresses the Loco- 
motive tender tank is subject to. Some of these tanks contain 20,000 
gal. of water. The structure is subject to terrific force by the water 
surging back and forth while engine is in service. This condition must 
be taken care of by proper braces and dash plates, etc. 
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Mr. Llewellyn made an interesting remark when he said, that plate 
mills today are developing a process of straightening the plates. This 
is interesting to us because the plates we use may run 70 in. to 100 
in. wide and up-to 450 in. long. To make that plate level is a job; I 
am speaking now of plate 3/16 in. to 5/16 in. in thickness. 


Plate manufacturers tell us that it is almost impossible to get these 
large plates to that thickness level. Several of the gentlemen I see 
here now are interested in this line of work. They inform me that 
when a plate is run through the finishing rollers, it cools quickly on 
the edges and causes distortion. We take care of the distortion by 
laying plate up on the side of the tank frame, and fastening it with pull 
rods. We start at one end and work out the buckles which travel up 
and down. We tried hammering and peaning; hammering stretches 
the plate, increasing instead of diminishing the buckles; however, 
we have succeeded in getting a very fine job out of some mighty 
poor plates. Construction expense, however, is increased consider- 
ably, which the gentlemen in the room connected with plate mills 
know something about. If there is any process that you gentlemen 
know, whereby the plate manufacturer can give us a straight plate, 
we can turn out a very satisfactory article. On welded tanks we have 
slight buckles. Our railroad friends say, “We are convinced you can 
weld and build a tank but, my goodness, look at it!” “You have 
buckles here and weave there.” Well, gradually we are overcoming 
these difficulties. On the small tanks, with side plates running about 
60 in. wide and 150 in. long, we do a splendid welded job; go beyond 
these sizes and we have buckles to contend with. When welding the 
tee-irons to side of plate we found that the heat raised a welt on the 
outside of plate. We are endeavoring to overcome this difficulty by 
using small size welding rod, ¥% and 5/32 in. in diameter and smooth 
off the welt with a portable grinder. This adds expense to the job 
but improves the appearance. We are glad to say that we can now 
build a complete welded tank, 20,000 gal. capacity, cheaper than rivet- 
ing construction. Our customers are very much pleased with the 
tanks being delivered today. 


We are not only in the tank welding line but branching out in all 
sorts of jobs. Our welded cab work today is one of the finest jobs that 
has ever been turned out, and equals Fisher Brothers’ body work. We 
put Fisher finish on the cabs, which greatly pleases our customers. 
The plate we use is % in. in thickness. To weld \%-in. plate, especially 
roof sheet of cab, is a job; however, we make a nice piece of work out 
of them. A roof sheet usually runs from 10 ft. wide by 10 to 12 ft. long. 
lhe sides and back of cab are same thickness and to weld this light 
iron, using no angles or stiffenings without buckles, is a work of art. 
We are happy to say we are doing a very satisfactory job. 


I have heard it said that there was now a scheme on foot to lay 
large plate down and hold it while welding. If there is anyone here 
who knows of any scheme outside of punching a hole and tacking it 
through the hole, or, using a magnet to bring the plate down flat, I 
will thank you to let us know. 
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Mr. Miller: May I add something on that? There is a firm in 
Milwaukee making a lot of pipes, welded pipes, in diameter, some- 
where, I think, from 14 to 18 in. They are purchasing steel from the 
manufacturer today of such accuracy to complete a weld with the 
carbon arc equipment and they can’t have much more than ‘% in, 
and it is something like 16 or 18 ft. long. They are turning these plates 
around into pipe and running the carbon arc machine down along the 
edges of it, indicating that the mills are working on this proposition. 
There is a market in the steel industry of 5,000,000 tons a year and they 
are not going to let it go by. 


Mr. Jasper: I do not think that the steel mills as yet have accom- 
plished these things and we have had trouble getting plates to lay flat. 
I will say, however, that we are making pipe that is 26 in. in diameter 
and 40 ft. long and we aren’t turning the pipe up the way that was 
described. We are not using carbon are welding. 


President Llewellyn: I believe it will be necessary for many years 
to come for the fabricator to devise methods whereby slight irregulari- 
ties in plates can be corrected. I am not familiar with any definite 
plans whereby the degree of accuracy that has been mentioned could 
be assured. In any event, I think that in commercial work it is up 
to us to assume that we may have slight irregularities in the steel 
product as furnished, and I was misunderstood if I was thought to sa) 
we had already accomplished a means whereby a plate could be made 
to lie flat on whatever the supporting member was. What I intended 
to say was that some means of holding it in contact with the support- 
ing member must be devised and that problem, I think, is one for the 
American Welding Society rather than for the Institute of Steel Con- 
struction. If there is no further question I will again in your behalf 
thank Mr. Miller and the American Institute of Steel Consfruction. 


Discussion paper on the “Stiffness of Welded Beam Connections,” by 
C. H. Jennings and A. A. Jakkula, Research Department, Westinghouse 
Electric & Mfg. Company. 


Prof. C. D. Jensen, Lehigh University: It has been a revelation to 
me to see how two groups of investigators, those from the Westing- 
house Company and those from Lehigh University, have each made an 
investigation, beginning apparently from the same idea, namely, of 
investigating welded connections for flexibility or rigidity. What 
caused us at Lehigh to initiate our investigation was a suggestion 
made by a prominent welding engineer several years ago, that web- 
welding of beam to column connections should be sufficient.for safety 
and that therefore to weld such a connection for complete fixity was 
a needless expense. The keynote of the Westinghouse investigation 
seems to have been to attempt to find a welded connection suitable for 
use in beam to girder connections where it might be difficult to secure 
a fixed connection. 


Mr. Jennings and Mr. Jakkula sought their objective by measuring 
end slopes of the beams and comparing the values found with end 
slopes for simple beams. And, of course, the ultimate loads on the 
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frames and the methods of failure played important roles. In our 
investigation on the other hand, the percentage of rigidity and the 
maximum weld stresses at ordinary low loads on the beams were the 
major considerations. 


Our results check very well with those given by Mr. Jennings in 
some respects. However, due to the fact that we diverged in our 
methods and purposes after beginning from apparently the same idea, 
there is not a great deal to compare. 


One major difference exists between the two investigations, and 
that is that according to our predictions, the joint called Type 1 by 
Mr. Jennings should have failed in the weld long before actual failure 
did oceur. Moreover, the failure was in the web of the I-beam and 
not in the weld. A small variation in size of fillet weld (a slightly 
oversize weld in the case of the Westinghouse investigation, and a 
slightly undersized weld in the case of the Lehigh investigation), 
would aid materially in explaining the difference. This possibility 
has not been discussed with either Mr. Jennings or Mr. Jakkula, so 
it cannot be stated as true. Considering that the combined minimum 
areas of two %4 in. fillet welds is very nearly the thickness of the 
web of the test beams used in both investigations, a slight variation 
in size of fillet weld might cause large variations in test results. 


A study of the test data indicates that the ultimate strength of the 
Westinghouse welds was approximately 60,000 lb. per sq. in. through 
the minimum section; whereas the welds made at Lehigh had ultimate 
values of approximately 45,000 to 50,000 lb. per sq. in. 


A few other factors tend to explain the difference in ultimate results, 
such as manner of holding the columns vertical and points of appli- 
cation of the loads. In the main, however, the writer feels that size 
of fillet welds and ability of the welders offer the best explanations. 


It should be noted that in connection with Type 1 of the Westing- 
house investigation, the web of the I-beam was stressed beyond the 
yield point for working loads on the beam. Therefore, it seems evi- 
dent that, whether or not weld failure occurred in the tests, the con- 
nection is unfit for structural use. However, connections Types 2 
and 4 show up very well. It is hoped that Mr. Jennings and Mr. 
Jakkula will follow up the work with a few more tests on these con- 
n ctions in order to give structural engineers more confidence in using 
tnem, 


Mr. Jennings showed some pictures of welds that had been painted 
with cement mortar and brought out the fact that the web of the 
beam showed strain lines, whereas there were no strain lines on 
e weld. That is not at all strange, because we have found that strain 
nes do not ordinarily occur on weld metal. We have studied this 
ite a bit at Lehigh on welds subjected to compression, and have 
ind it always true. It is apparent to us the presence of mill scale 
essential in order to get strain lines and due to the fact that there 
no mill scale on the weld, we have never succeeded in getting 
‘‘rain lines on a weld. 
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Mr. C. H. Jennings, Westinghouse Elec. & Mfg. Co.: In regard to 
obtaining strain lines on welds, it is important to note the writers 
have obtained definite signs of yielding on fillet welds that have been 
coated with cement long before ultimate failure took place. 


Regarding the question of why no failure occurred in the Type | 
connection, it is our opinion that this can be explained by the relative 
size of the welds as compared to the web thickness, and the condition 
of plasticity in the beam web when subjected to high bending moments. 


The thickness of the beam web was .27 inches, and the critical 
section (throat area) of the two fillet welds was .35 inches. 


Critica] section—(2) (%) (.707) = .35 inches. 


It is easily seen from the above values that for the same load the 
beam web would be subjected to the highest stress. Also the yield 
point of the beam web is about 10,000 lb. lower than that of the 
weld metal. Consequently during the process of stressing the con- 
nection, the beam web would yield and deform piastically before the 
stress in the weld reached the yield point. Within certain limits, the 
yielding of the beam would probably limit the maximum stress at 
any point in the beam to the yield point of the beam material. As a 
result, the maximum stress in the weld would also be limited and 
its value would not surpass its own yield point. 


It is also possible that the manner of supporting the columns and 
the location of the loading points have an important effect upon the 
difference in results obtained in the Westinghouse and Lehigh Uni- 
versity investigations. 


Mr. Candy: It strikes me that possibly one question that Prof 
Jensen raised wasn’t touched on by Mr. Jennings. I believe, if | 
understood the statement correctly, that Mr. Jensen felt that the 
beam tests which Mr. Jennings carried out didn’t give true conditions 
at the end of the beam as regards negative bending moment, due to 
bending of his columns. In the case of the set-up of Mr. Jensen’s, 
which is shown on page 69, as I understand it, the arrangement was 
such that as the beam was loaded and deflected, the columns were 
maintained vertically at all times, but were allowed to pull in toward 
each other, as the beam deflected, and therefore became shorter in its 
net effective length. 


I am wondering if the mere fact those columns are allowed to move 
toward each other and thereby relieve the tension stress which would 
be set up by the beam contracting in its overall length due to its de- 
flection may not produce a greater error than in the case of Mr. Jen- 
nings’ columns, which were very short and very rigid, and could 
move in toward each other very slightly if any. I would like to hear 
a little more discussion along that line. 


President Llewellyn: There is one interesting fact which all such 
discussions as these bring out. Some of the test results that we saw 
today and heard of yesterday might be misinterpreted. They infer 
stresses much higher than we are accustomed to assume in welded 
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joints, and yet in actual practice joints very similar to those that 
were tested are used every day, and they do not fail. That alone 
perhaps might not be sufficient. We want to know why, and I think 
the answer was illustrated in the pictures that we have seen, and is 
also suggested by both Mr. Jennings and Prof. Jensen. 


The thing that I was watching in the pictures that we saw was not 
so much the weld as the strain lines on the beam, because I think 
that is where the bug is. A short time ago my attention was called to 
a French book on a technical subject similar to the one we are dis- 
cussing, and in looking over this book I came across the word “ame.” 
| looked it up in the dictionary, and saw it was the French technical 
word for the web of an I-beam. The French word “ame” also has 
another common meaning that we learned at school. It means your 
soul or, to be more colloquial, it means the guts of a thing, and I 
think the French in their poetical way have hit the bull’s eye. The 
guts of a beam is the web,.and it is in the web that we are to find 
the answer to any apparent anomaly. 


All of the investigations that we have heard about assume that 
stresses are within Hooke’s law, while the elastic limit is not yet 
exceeded. I am satisfied not only from what we heard yesterday and 
today, but also from tests made on riveted joints years ago, that 
connections commonly accepted as good practice, do overstress a 
portion of a rivet or a portion of the web in bearing. But something 
gives and that relieves the situation. And that something is evidently 
the web of the beam in this case. It was illustrated by the strain 
lines that we saw, and it is borne out by common sense. There is a 
slight buckling of the web, and that is what helps the situation both 
in the case of riveted joints and in the case of welded joints. Whether 
it helps to the same extent in both cases is another matter, and for 
that reason investigations such as those we have heard about yester- 
day and today are welcome. They give us comparative data that will 
be of value. Their absolute value I think, is probably open to question. 


President Liewellyn: So far all of the discussion has been along 
what may be called the more theoretical side, which is natural. I 
wonder if we could now hear the practical reaction of those who are 
engaged in fabricating work of a nature similar to what we have been 
hearing about with respect to the actual behavior that has been ob- 
served in joints with corresponding degrees of fixity. Might I ask 
Mr. Tennant of the Dominion Bridge Company of Montreal, if he has 
experience that would be of interest in this matter? 


Mr. D. C. Tennant, Dominion Bridge Co., Ltd.: Mr. Chairman and 
Gentlemen: We in Canada have given some thought to welded connec- 
tions for beams to columns. Our Chairman stated it was his impression 
that in riveted joints there were stresses that somehow or other took 
care of themselves, because after slight distortion a readjustment of 
stresses took place. He presumed in a similar way stresses in welded 
joints might also take care of themselves by readjustment. I think 
that is true, and yet there is a difference we ought to note. In a 
riveted joint there is a friction created in the actual! riveting operation 
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by the shrinking of the hot rivets, and we never figure that friction 
in as part of the strength of the riveted joint, but yet it is one of 
the most important factors. This friction is not duplicated in a 
welded joint. 


I am sorry that I wasn’t here yesterday morning to hear the paper 
on welded connections. What occurs to me is this: So far as our 
own company is concerned, we are not very sure how much give 
there is to a welded joint as compared with a riveted joint, and so 
we think it is safe practice to try and arrange the joint between the 
beam and the column in one of two ways: either by connecting so 
that the beam can deflect from the horizontal at the end without 
seriously stressing the weld, or then by so stiffly connecting the beam 
at the end that it will be rigidly fixed. 


There are two reasons why, from our point of view, it is better to 
avoid connecting beams to columns by means of their webs. One is 
that in order to do so the beam would have to be prepared very 
accurately to length, as you cannot allow much clearance between 
the end of the web and the face of the column. Our ordinary practice 
is to order beams to the proper length from the mills or shear them, 
and in neither case is it very easy to definitely control the length 
within a small fraction of an inch. 


It would have been very interesting if the paper this afternoon had 
discussed testing on some joints of beams to columns where the beams 
were merely resting on brackets ensuring free deflection, or where 
the beams were rigidly connected by the flanges, so that they would 
be properly fixed. If we were designing such joints, we would try 
one or the other of those ways, and so get away from this uncertainty 
as regards the action of the web of the beam when it is connected 
to the column by means of a weld. 


I was hoping in coming to this meeting to gain a little knowledge 
as to how best to connect beams so that deflection would be free and 
they would act as simple beams, or alternately to connect them in a 
fixed manner, so that they would be regarded as continuous beams. 


There is another aspect to this question. Our erectors require cer- 
tain bolt holes for connecting beams to columns. Thus we would 
actually prefer to have the beams rest on a shelf to which the flange 
of the beam can be bolted. The bolts that connect them are not 
considered as part of the strength of the connection. They would 
simply be a means whereby the columns and the beams could be 
connected together in the field; they would provide temporary stiff- 
ness, and erectors walking underneath wouldn’t be afraid that the 
beam would come down on their heads. So I think in actually design- 
ing and using these connections we will have to arrange it that way; 
that there will be enough bolt holes to hold the beams and the columns 
together until such time as the welders can carry on. I don’t see that 
in any connections illustrated this afternoon there were any suc! 
bolt holes provided. 


We feel that in the very near future we will have the opportunit) 
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of gaining more experience in structural welding, particularly field 
welding, because in such buildings as hospitals, where noise is ob- 
jectionable, the hospital authorities will demand that the field con- 
nections be made by welding; and there are other buildings that will 
show somewhat the same preference. 


Mr. Jennings: With reference to Mr. Tennant’s discussion, it will 
be noted in the conclusions of the paper that the Type 1 connection is 
not considered a desirable connection because of the necessity of 
cutting the beams to exact length. This type of connection is also 
unsatisfactory when the beam is subjected to dynamic stresses, be- 
cause of the high stress concentration at the ends of the welds. As 
to the other connections, it is also pointed out which are satisfactory 
and where they could be used. 


It must be kept in mind, however, that the primary purpose of the 
paper was to show how tests could be made so as to obtain valuable 
design information on the strength of various connections. 


Mr. Jensen: Beams have already been tested in which the flanges 
were thoroughly fixed to the columns. Mr. Candy, I am sure, can 
verify this. On the other hand, simple beams resting on shelves 


hardly need investigation, because that is simply a case of shear 
on the welds. 


I think the thing that compelled both Mr. Jennings and his partner 
and the group of us at Lehigh to initiate our investigations was to 
do something extra in the way of flexible joints. There is a demand 
for such a joint, the best example being where beams frame into 
girders in which the girders are so very little larger than the beams 


that there is not room for seat angles and the ordinary stiff con- 
struction which we would like to have. 


Mr. A. A. Jakkula, Westinghouse Elec. & Mfg. Co.: I didn’t see 
anywhere in Mr. Jensen’s and Mr. Uhlers’ paper or our paper where 
we have given any figures at all as to the stresses that occurred in 
the weld. All the figures on stresses Mr. Jennings and I gave are in 
the beams themselves. The stresses that Mr. Jensen found in the 
weld, if I remember correctly, were all quite low. I think if you will 


look over the paper you will see that that is the only figures that 
have been given. 


On page 30, all the unit stresses we have given are unit stresses in 
the beams. In Mr. Jensen’s paper on page 78, we have weld stresses, 
and the highest weld stress that he gives, I believe, is 7,000 pounds 
per square inch. Of course, that picture we show of the cement yield- 
ing, indicated there were stresses there that produced yielding, and 
that yielding we were justified in saying took place at a lower load 
than where the yielding of the cement took place, but, as pointed out. 
th . Was a highly localized stress condition there adjacent to the weld 
in ‘he type of connection that isn’t very desirable. That type of con- 
et ion, as Mr. Jennings says, is a very poor connection for dynamic 
“" 8, because all the energy of the impact must be taken up by that 

. whereas in the connection to side angles the impact can be 
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taken up by bending in the outstanding legs of the angles. So that | 
am -not at all sure where the gentlemen had the idea that we found 
high stresses in any of the welds. 


~Mr. Jensen: Just in order that there may be no misunderstanding, 
those stresses are for test results; they are for low loads. 


President Llewellyn: I think I am voicing the feeling of everybody 
here that we are very much indebted to Mr. Jennings and Mr. Jakkula, 
as well as to those who have been discussing the paper, 


(The session adjourned at 5:10 p. m.). 


FRIDAY MORNING, April 25, 1930 
The Session convened at 10:15 a. m., Mr. F. P. McKibben presiding. 


President Doyle: Gentlemen, it is getting just a little bit after the 
time, and we have several very important papers to be read this 
morning. We want to have opportunity for the discussion of them and 
still get through promptly at twelve o’clock. (An announcement was 
made of the meeting at 1:45 of the Structural Steel Committee.) In 
order not to take up any more of your time, I am going to proceed 
immediately to turn the gavel over to our new Vice-President, Prof. 
McKibben, with whom you are all well acquainted. 


Chairman F. P. McKibben, Consulting Engineer: Gentlemen, I have 
an announcement to make from Monsieur J. Brillie, who is responsible 
for making the film that was exhibited yesterday. He writes from 
Chicago saying, “An unexpected trip to the Pacific Coast will prevent 
me from attending the meeting of the American Welding Society.” 
He expresses his regrets at not being here. He was appointed as 
the official representative to represent the two French welding so- 
cieties at this meeting, but was unexpectedly called to the Pacific 
Coast. 


Mr. Llewellyn: I would move you, sir, that it is the sense of this 
meeting that the President of the Society make suitable acknowledg- 
ment of the greetings from the French Societies referred to and 
express regret that Mr. Brillie could not be here. 


(The motion was seconded and carried.) 


Discussion Paper on “All-Welded Barge,” by E. H. Ewertz, Consult- 
ing Engineer. 


Mr. Danforth: There is one matter about the welded barge, of 
which there have been a number built in this country, that looms 
very large, indeed, before those that have to use them, and that is 
the matter of cost. I am just wondering how far Mr. Ewertz would 
care to go in that matter. 


As I recall the figures, he said it weighed 250 tons and had 18,000 
lineal feet of welding. That would indicate that barge probably cost 
about $40,000. Upon the rivers of the Middle West, the Ohio and 
the Mississippi, a flush-deck barge like that can be built riveted for 
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about $25,000. I would like to have a little more information on that, 
if it is considered proper. 


Mr. Ewertz: Mr. Chairman, I am very glad to answer as far as | 
> can. The steel weight of this barge is 156 tons. There is a certain 
amount of additional weight of the fittings. The cost of this barge 
figures approximately 7 cents a pound finished. That is considerably 
under $40,000. As a matter of fact it is even under $25,000. 


Mr. Owens: It is very difficult to obtain comparative welded and riv- 
eted costs in ship construction, because it has not been the practice in 
shipyards to keep the cost of individual parts which go to make up 
the ship. Even though these conditions prevail, nevertheless, I have 
proved to my satisfaction that savings start in the drafting room and 
continue through practically every operation involved in construction. 
In the hull drafting room of the Newport News shipyard, welding 
applications to date are effecting a saving of from 2 to 20 per cent. 
In the mold loft of this yard, maximum, minimum, and average savings 
of 25 per cent, 10 per cent, and 18 per cent are obtained on many 
items, and I have been reliably informed that decided savings are 
being effected in the anglesmith and ship shed departments. 


The best comparison I have ever had on the two methods of con- 
struction was in the simultaneous construction of some riveted and 
welded battle towing targets at the Norfolk Navy Yard, wherein sav- 
ings of 12.2 and 11.9 per cent were obtained respectively in the weight 


and cost of material used, and a total saving of 21.2 per cent in the 
cost of direct labor. 


I have designed several welded barges, and there is no question at 
all but that welded barges can be consistently constructed at a lower 
cost than riveted barges, provided the design is correct and a properly 
trained organization is employed. It should also be remembered that 


when automatic welding is extensively applied to barge construction, 
costs will be further reduced. 


I predict that in five years’ time one will hardly see a riveted or 
wooden barge constructed, because of the greater dead weight capacity 
of the welded barge and its lower cost. 


In addition to the battle towing targets referred to, a pontoon for 
a 120-ton derrick was constructed under my supervision at the Nor- 
folk Navy Yard, having all seams and butts of the shell plating and 
deck welded. Welding was also extensively used on two transverse 
bulkheads. Some years later the pontoon overturned on account of an 
excessive load, and when righted, it was found that no welds had failed. 


Chairman McKibben: Any one else wish to discuss this question 
of welded barges? 


Mr. G. G. Holbrook, Federal Shipbuilding & Dry Dock Co.: Mr. 
Chairman and Gentlemen: I didn’t expect to make any comments 
when I came over here, and so you will have to bear with me if my 
re marks are a little disjointed. I had the privilege of seeing Mr. 
Ewertz’ barge both during the course of construction and on com- 
pletion, and Mr. Ewertz is to be congratulated.on his accomplishment. 

As Mr. Owens pointed out, there are several other types of barges 
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which are being built. At the Federal Shipbuilding and Drydock 
Company we are now building our ninth barge. We are working on 
a very different scheme from Mr. Ewertz or any of the others, inas- 
much as we use channels for the main shell butted together with an 
intermedial flat bar between the flanges. By the use of this con- 
struction we are enabled to do approximately 75 per cent of our weld- 
ing with an automatic machine. The machine which we use is the 
Electronic Tornado, which is familiar to all, mounted on a special 
carriage of our own design. 


I will say that while we have not built a barge that is exactly the 
same size as Mr. Ewertz’, probably our welding would run, perhaps, 
40 per cent in excess of the quantity as quoted by Mr. Ewertz, but 
that 75 per cent of that welding is susceptible of being performed by 
the automatic machine. 


I feel on the welded barge work that of the various designs which 
are now in the process of development, it will gradually shake down 
that certain designs are more adapted for a given service than others. 
In our own particular case, of the nine barges which we have built, 
six of them have been built for the carrying of liquid cargo. Two 
of them are carrying molasses, and three of them carrying gasoline. 


I think, as Mr. Owens pointed out, with the increasing cost of wood 
and the fact that the efficiency of the riveted steel construction has 
probably reached the limit for barge work, there is going to be an 
increasing field for welded barge construction, and that it is only a 
question of having a sufficient number of orders with the continuity 
of work to bring the cost of the welded steel barge down into com- 
petitive figures with wood. I think that this is more particularly true 
as a barge runs from 100 to 200 feet in length than it is with the 
shorter barges. 


Discussion Paper on “The Needs of the Metropolitan District for 
Instruction in Pipe Welding,” by R. F. McKay, International Oxygen 
Co. 


Mr. J. C. Wright, Director, Federal Board for Vocational Education: 
I do not have the pleasure of meeting with fellow members of the 
American Welding Society more than about once each year, and |! 
note a number of new faces at this meeting. Some of the things which 
I will say to you this morning I have already said at previous meet- 
ings. However, my statements will be in keeping with the discussion 
of Mr. McKay’s paper, in which I am particularly interested. 


Mr. Arthur E. Morgan, an engineer of considerable note, and now 
president of Antioch College, is responsible for a fundamental idea 
on the need for training welders. In a recent article, he said: “By the 
teaching of children and adolescents, we can pass on to the next 
generation the knowledge of the past, and thus maintain human 
culture, but it is only by adult education that culture can be advanced 
to higher levels.” 


According to Mr. Morgan, our efforts to educate youth are limited to 
bringing them up to present-day knowledge and accomplishment, |ut 
that through the education of adults we have an opportunity to 0 
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beyond the present and discover new knowledge and methods of 
accomplishing the work of the world. The education of adults is 
particularly needed in the welding industry, since welding is yet in 
the pioneer stage, and we need to develop the industry through ex- 
periment and research and through improved methods of workmanship. 


As members of the American Welding Society, you are meeting 
here in New York for the purpose of bringing together all of your 
experiences and making them available for the common good. For 
every one of you assembled in this room today there are many others 
scattered throughout the country at work in the welding industry. 
Those who are not yet here need to be acquainted with the progress 
that is being made. This objective can be accomplished through the 
same form of educationa! program. 


Mr. McKay mentioned to you a number of schools where training 
for adults is available. He specifically mentioned the need for train- 
ing in steam fitting and plumbing, and a number of schools where 
instruction is now being given. I suggest that to the list of schools 
which he gave you add the Camden County Vocational School at 
Camden, New Jersey. If any of you have an opportunity, I suggest 
that you visit this school. It was organized during the past five 
years, and in a way represents one of the most modern types of 
vocational schools, because of the manner in which the building was 
planned and the school organized. The board of education first em- 
ployed a director who knew vocational education. The director 
brought together groups of business men, including employers and 
representatives of labor groups. These men were chosen because of 
their standing in the trades in that community. The committee dis- 
cussed the need for vocational education in Camden County. As a 
result of this discussion it was decided to include some 25 or 30 
occupations in the school for which vocational training would be 
given. In other words the representative committee placed at the 
disposal of the school its knowledge as to the need for training in 
certain occupations. 

Various other committees were then formed, each being representa- 
tive of the different occupations for which training would be given. 
These committees included representative employers and representa- 
tive workers. The committee assisted in designing the building, dealing 
with such matters as floor space, equipment and shop lay-outs. This 
information was then placed in the hands of the architect, who pro- 

eeded to weave it into the building. 


Recently I visited this school for the first time, and among other 
trade classes which I visited, I found a large shop with welding equip- 
ment. I was advised by the director that evening classes were con- 
‘ucted in this shop for steam fitters and plumbers, who were sent 
0 the school by their employers in order that they might be taught 
‘ne use of welding equipment as a part of their trade. This school 
’, therefore, carrying out the recommendation of Mr. McKay that it 

better to make welders out of steam fitters and plumbers than 

) attempt to make steam fitters and plumbers out of those who are 
ready welders. 
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I fully concur with Mr. McKay that it is more efficient to add this 
new skill and knowledge to the trade of these older craftsmen than 
to give the much larger skill and technical information required of 
steam fitters and plumbers to welders. 


In the Camden Vocational School the classes are limited in number. 
since it is found that one inspector can only teach efficiently a limited 
number of pupils. On the other hand, the Director reported to me 
that there was a considerable waiting list of mechanics who wanted 
to enroll in the welding classes. These were being enrolled in turn 
as fast as older pupils left. In fact, the Director reported that there 
was a waiting list of something like 1,000 people wanting to enrol! 
in his evening courses, which included auto mechanics, airplane me- 
chanics, machine shop, woodworking, and a, variety of other oppor- 
tunities. 


The instructors are drawn from the trades. Through the help of 
the advisory committees, superior craftsmen are located, and in al! 
cases the men chosen have been not only journeymen workmen, but 
men with foremanship experience. They then have been enrolled in 
teacher-training classes where they were given preliminary training 
in how to teach to others that which they already knew or were able 
to do themselves. 


Mr. McKay has already pointed out that a teacher in a vocational! 
school needs to be in possession of two trades: First, he must know 
how to carry on the work in the occupation from whence he comes, 
and; second, he must know how to teach. These are two separate and 
distinct vocations. It is one thing to be a good welder and another 
thing to be able to train welders. There are many things connected 
with-the ‘occupation of teaching which a person who is properly 
trained for teaching can use to make his teaching more effective than 
is possible for one who has not been properly trained in the art of 
instructing others. This statement is made with the assumption that 
both are equally good workmen. 


A few months ago I addressed a meeting of employers, workers, and 
school officials on the subject of “The Trinity of Vocational Educa- 
tion.” By the trinity I meant the school, the employer, and the worker. 
I called attention to some eight or ten fundamentals of a successful 
school program and to the degree to which each of these fundamentals 
represented a joint responsibility of the three elements in the trinity; 
that is, a responsibility of the school, the employer and the worker. 


The first of these fundamentals is to know the need for vocational! 
education and training. If there are no welders needed in any com- 
munity it would be a waste of funds to train people in the art of 
welding. The same statement would likewise apply to bricklaying. 
printing, and plumbing trades. There is no justification for training 
people for a job they can not get, at least from the standpoint of 
vocational education. Information as to the need for training can 
best be secured by the school from employers and workers. 


A second fundamental has to do with the qualifications of the 
teacher. The school needs to know these qualifications, since it is 
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its responsibility to employ the teacher. A third fundamental relates 
to the subject matter or content which should be taught in the voca- 
tional school. Here, again, the schoolman does not possess full in- 
formation, since in most cases he is inexperienced in the particular 
trade to be taught. He can, however, secure the information from 
the other two members of the trinity. 


I could continue to illustrate the need for cooperation between the 
school, the employer and the worker at great length, but these three 
illustrations will serve to illustrate my point. Where the school is 
organized on this basis, there is every likelihood that it will succeed, 
but where it undertakes to go ahead without the assistance of the 
employer and the worker, there is strong probability that it will fail. 
To the extent that public schools take the initiative in organizing 
classes for welders, the school administrator should seek the coopera- 
tion of industry. To the extent that industry is taking the initiative, 
it should seek the cooperation of the school administrator. 


The program of vocational education covers all States and nearly 
all cities of any size. The enrollment in all schools and classes for 
1929 was 1,047,000. I can speak for State directors of vocational 
education and for most city directors of vocational education, when 
I say that they would welcome a request from industry asking for 
their cooperation in the organization of these schools. 


Chairman McKibben: Mr. Wright, we thank you very much. Next 
year we will be here at the same place. Does any one else wish to 
diseuss this question of training? 


Mr. Owens: When about five years ago, Congress authorized the 
construction of a number of cruisers, I was confronted with the prob- 
lem of drafting a set of welding specifications which would insure 
that the Navy would obtain good workmanship in the various private 
shipyards and Navy yards in which they were to be built: The 
problem was further complicated in that a considerable amount of 
welding was specified, and it was necessary that the Navy yards and 
shipyards build up a welding organization to do this work. These 
specifications called for a minimum of 47,000 lbs. and an average of 
52,000 Ibs. per sq. inch for butt welds tested in the flat, vertical, and 
overhead positions. At first it was claimed that the requirements 
were too high, nevertheless, they have not been lowered, and all weld- 
ers now employed on the cruisers and in our plant meet these re- 
quirements. At the Newport News Shipyard, we have tested approxi- 
mately 180 welders, and the average value obtained for all tests has 
been 59,300 lbs. per sq. in. In order to build up our organization, 
we have both evening and day classes. In the evening class, the 
student is on his own time, whereas in the day class he is paid 30c. 
ver hour during his training period, which lasts about 10 weeks. The 
evening course extends over a period of about 10 months, three eve- 
nings per week and three hours per evening. No student is ever 
ermitted to undertake important strength work until he has com- 
pleted his course and passed his test. 


I thoroughly agree with Mr. McKay that it will be necessary to 
‘each welding to the mechanics of various trades. However, on some 
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classes of work, for example, ship and building construction, the 
volume of work will be large enough to train men as welders who are 
not experienced in any other trade. While this program is working 
out very satisfactorily in shipyards, nevertheless, I believe that we 
should, in addition, teach welding to fitters and boilermakers, so that 
they can both assemble and weld. This will permit the elimination 
of the waiting time which is involved when a fitter and a welder are 
employed on a job which could be assembled and welded by one 
mechanic. aa 


Our Society is now, through its Committee on Standard Tests for 
Welders, undertaking to outline the requirements for welders em- 
ployed on all classes of work. When this Committee has completed 
its work and all welders employed on important work are certified, 
we will eliminate one of the primary objections to the use of welding. 


Mr. Goldmark: There can be no doubt in the mind of anybody who 
has had anything to do with pipe fitting and the installation of power 
plants that the substitution of welding for the more complicated ways 
of connecting the different parts of pipe is a very great advance, and 
there is no reason why it shouldn’t be very largely used. I want to 
ask in this connection about the sizes of the tubes, both the maximum 
and the minimum of the different shapes that were shown on the slide 
when the paper was read. 


Mr. H. A. Woofter, Swift Electric Welder Company: It might be 
interesting, while we are discussing pipe bends, to look into some of 
the things that are being done in connection with high-pressure sta- 
tionary boilers and locomotives. In some cases, instead of making a 
separate bend, the long pipe is gripped in dies and heated, and pushed 
up so as to thicken the wall. The reason for that is if you bend a 
return bend in a pipe, the tendency is for the outside wall to get 
thinner, and thicken up on the inner radius. Standard piping upset 
in such a manner would increase its thickness about 50 per cent; so 
if the pipe is heated and doubled in thickness, and then bent in a 
return bend, the final thickness of wall on the outer radius is about 
the normal thickness of the pipe itself and about double the thickness 
on the inner radius, which, however, is not a bad feature in that the 
maximum distortion between a hot and cold boiler will take place 
in the smaller bend. The weld is then made somewhere out along 
the extension, and made at the rate of one or two welds per minute, 
and then there will be another return on the opposite end, etc. 


In locomotive practice a steel casting is made with return bends 
in it. This steel casting is gripped in dies, and the other pipes are 
clamped in, and two welds made at the same time. This is for super- 
heater return bends in locomotive work. About two welds per minute 
of two pipes each, or four welds, can thus be made at an enormous 
saving to the railroads of the country, and this is also an enormous 
saving for high-pressure boilers carrying 1500 pounds steam pressure 
at eight or nine hundred degrees superheat. The welds in this case 
come in a straight section of pipe, and sometimes several feet or 
several inches from the return bend. 


ADJOURNMENT. 












Resistance Welding * 


By R. T. GILLETTE+ 


NOR the sake of simplicity, resistance welding will be roughly divided 
k into several different groups. 


Spot, projection, line, butt, resistance annealing, flash, and resistance 
soldering and brazing. 


Each group will be considered separately and examples shown of each 
group, 


Spot welding is probably the most simple and best known, and also the 
most widely used of any form of resistance welding. 


The equipment may vary from a welder of less than 1 kw., used for 
welding small light parts such as wires and vacuum tube parts, to one 
of several hundred kw. capacity used for welding very heavy material 
in steel or other metals. 


The three variables, time, pressure and current are adjustable through 
a fairly large range so the choice of equipment does not have to be made 
with a great deal of accuracy. 


For the mc jority of work a power driven spot welder of the press type 
with either cam or toggle push-up is more satisfactory than a foot 
operated welder as it removes the human element with its factors of 
fatigue and indiffcience, and consistently gives a uniform welding cycle. 


Spot welding is not confined to welding the ferrous metals, but may 
be used for many non-ferrous metals and combinations of dissimilar 
metals. 

Resistance Welding 


Dissimilar metals are most easily welded by the proper combination of 
electrodes made from different grades of tungsten and copper tungsten 
to give a balanced heating effect. 


Many people seem to think it is not practical to weld pieces of differ- 
ent thickness together. This is entirely feasible and metals as far apart 
s 0.010 in. to 1 in. can be successfully welded. 


Several pieces may also be welded together. For example, 16 pieces of 
16 in. steel have been spot welded together. 


Fig. 1 shows a standard power driven rocking arm type spot welder 
making single spots through two thicknesses of 1/16 in. steel using 
opper electrodes. 


Fig. 2 shows the ends of copper bands being spot welded around 
rcelain tubes. The spot welding of this type of joint is much easier if 
a) 


‘Paper presented before the meeting of the American Welding Society, March 11, 
0, in New York. 


General Electric Co., Schenectady, N. Y. 
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tinned copper is used for the bands. This type of joint is not to be 
confused with soldering, as only a slight wash of tin is used. This 
starts the weld and the tir is all alloyed in the joint, and the joint wil! 
not fail if heated to a red heat. Tungsten electrodes are used for 
this job. 


Fig. 3 illustrates a miscellaneous collection of spot welded terminals, 
wires, bars, and other copper parts. 


Fig. 1—STANDARD ForM oF Spot WELDER 


Projection welding is really a form of spot welding, although it is 
more easily controlled, and several welds may be made at one time as 
the current is localized by the use of projection in the material instead 
of by the welding electrodes. 


The same type of welder is used as in spot welding. Only the electrode 
construction is different—in most cases being only large flat plates or 
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bars with plugs or facings of some hard high conductivity electrode 
material like Elkonite. 


Projection welding is a very satisfactory type of weld, and a uniform 
product is easy to maintain. 


The equipment for projection welding should be selected with plenty 
of transformer capacity so the welds can be made with a short time 
cycle. It should also be made mechanically strong to insure long life 
with the high speed and pressures at which they operate. 


Line or seam welding is really a series of overlapping spot welds, and 
is made between two copper wheels connected electrically in the manner 
of the electrodes on a spot welder. 


Fic. 2—ENps oF Copper BANDS SPOT WELDED 


An interrupter is usually placed in the primary circuit of the welder 
which interrupts the current usually five or more times per inch of weld. 
This allows higher current values to be used and results in a more satis- 


factory weld- without danger of burning holes through the parts being 
welded. 


This type of weld makes a joint tight to hot oil, vacuum or pressure, 
and is a very satisfactory type of weld to use for fabricating tanks, 
barrels, diaphragms, and many other types of sheet metal containers. 

Brass, monel, everdur, aluminum, and other metals and alloys as well 

s Steel are being line welded. 


Line welds are usually made with water being poured over the top 
area, and forced against the bottom area of the pieces being welded, 

hich gives the effect of a weld being made under water. This holds 
‘he temperature of the parts to a minimum and prevents excessive 
Warping. 
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Butt welding is done by clamping the two pieces to be welded in the 
proper clamps in the welding machine, and bringing their ends together 
with enough pressure to prevent arcing or flashing; then passing current 
through until the parts are heated to the welding temperature; then 
pushing them together to complete the weld. This pressure may be 
applied by hand, spring, or falling weight, or other mechanical means. 


Many non-ferrous metals and alloys may be butt welded, aluminum and 
most of its alloys, copper, brass, lead, and many alloys. One interesting 
butt welded combination has recently been made; that is, copper to 
aluminum. This has many applications where aluminum is used for a 
conductor, on account of its light weight and moderate cost, and copper 
is needed for connection to bus bars, switches or other apparatus wher: 
a mechanical joint to aluminum is not satisfactory. 














Fig. 3—Spot WELDED TERMINALS 
This weld is satisfactory, as practically all the copper-aluminum alloy 
formed, is squeezed from the joint in the final push-up, giving a joint 
with copper to aluminum with no intervening layer of copper-aluminum 
alloy which is very brittle. 


A spot weld cannot be made between copper and aluminum as the alloy 
is all included in the weld which makes it very brittle and weak. 


Flash welding is done on the same type of equipment as butt welding, 
only the procedure is slightly different. The pieces to be welded ar 
clamped in the welder, the current turned on, and the pieces moved 
toward each other until light contact is made. When the pieces start to 
flash, this forward motion is continued at a constant speed until the 
proper welding temperature is reached when the pieces are quickly 
pushed together to complete the weld. The current is turned off at the 
start of this final push-up. 


Flash welding makes a joint of excellent quality, as any dirt or oxide 
is thrown from the weld during the flashing period. 

Flash welding is particularly good where the parts are to be vitreous 
enameled, as the weld is free from pin holes and other defects which 
would cause defects in the enamel. 


Resistance welders may be used to good advantage for spot annealing 
and other anneals. 
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Fig. 4 shows a butt welder fitted to spot anneal a shaft which is case 
hardened. These shafts become sprung in the hardening process, and 
have to be straightened. The shaft is clamped in the welder with about 
4 in. between the jaws, and current passed through to heat it to a 
bright red. This only takes a few seconds. When the shaft is hot it is 
taken from the welder and straightened hot in a small arbor press with 
a dial indicator to indicate when it is straight. After straightening it 


Fic. 4—Spotr ANNEALING CASE HARDENED SHAFT IN BuTT WELDER 


is dropped into a tank of water and quickly cooled so that the total length 
heated is very short. 


Soldering, silver soldering, and brazing are very easily done with 
different types of resistance welding machines. All that is necessary is 
the addition of special electrode construction. 


For light work tungsten electrodes are generally used, and for heavy 
vork carbon blocks are satisfactory. These different electrodes are so 
rranged that the current passes through the electrode and the work; 
he heat builds up rapidly in the electrodes and is transferred to the 
ork, bringing it to a temperature where the solder, silver solder or 
razing material melts. 


This method of soldering and brazing is very fast and clean, and 
ually the resulting job is not badly oxidized. 


In conclusion it might be said that resistance welding in some form 
ight be used with considerable saving where rivets or screws or some 
ch type of fastening is now used. 


The equipment requires less floor space and the job less preparation 
d fewer operations, and also eliminates a great amount of noise. 
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Considerable thought should be given to the design of electrodes and 
locating fixtures for the different welding methods, and many times a 
small change in design of the product will greatly facilitate welding. 


If they are as carefully worked out and built as the jigs and fixtures 
on any precision metal working equipment, a precision job of welding 
will result. 

Whenever possible, resistance welding machines should be operated 
mechanically to give a uniform product and eliminate the human element 


Material to be welded should be clean and free from scale if a satis- 
factory result is desired. 


Electrodes and fixtures must be maintained at the proper shape 
and size. 


It is false economy to buy equipment under capacity because it is 
cheap, as many welds, to be satisfactory, have to be made with high 
energy input and short time, as this reduces oxidation and excessive heat 
outside the weld. 


The welding circuit should be kept as large as practical through fix- 
tures and electrodes to the point of weld, so the machine will not heat 
excessively or have its capacity cut down. 


It seems from the variety and possible number of resistance welding 
applications that this class of welding receives very little publicity, as 
there is very little said or writtent about the subject, and books and 
papers for reference are very meagre. 





Fusion Welding as Applied to Railroad Work * 


FRANK LONGOt 


T seems unnecessary to say to you that it affords me pleasure to be 

with you at this occasion and to enjoy and profit by the discussions 
which take place. The object of this Society and the object of these 
meetings is unquestionably most commendable and deserves the sup- 
port of every welder and of the officials by whom we are employed. 


Webster defines the word “master” as “One who is familiar with all 
of the details of an art, profession, science or trade.” 


To become the master of our profession requires loyalty to that pro- 
fession, loyalty to one another and loyalty to whom we, as individuals, 
are serving. 


The object of this society, as expressed in its constitution, is the 
mutual improvement of its members by an exchange of ideas in meetings 
and a general interchange of views so that all may profit by the experience 
of others. 


This objeet cannot be too highly commended and I believe the coming 
together in these meetings makes us better men, morally and mentally, 


*Paper presented at May 29, 1930, meeting of Los Angeles Section, A. W. S. 
+Welding Supervisor, Southern Pacific Raitiroad. 
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as well as better workman, which will not noly redound to our own inter- 
est and welfare, but also to the interest of our employers and those whose 
welfare in no small degree is dependent upon us. 


The experiences of others are only profitable when such experiences 
are correctly related and are given serious consideration. To profit by 
the experience of others means that we have received some benefit or 
return. It cannot be said we have received benefit from the experience 
of others unless we have taken advantage of such experience, whether it 
be good or bad. 


I have heard experiences related by individuals which did not in all 
cases coincide with existing facts as I knew them. In relating experi- 
ences so that others may profit by them, the bad as well as the good 
should be given. 


The responsibility resting upon us today is greater than ever before, 
both from the viewpoint of safety and economy, and will continue to grow 
greater as time passes because we are doing more welding today than 
ever before. 


Are and gas welding and cutting is used in roundhouse, car shops, 
boiler, blacksmith and machine shops; also for sheet metal workers 
and pipe fitters for new work and repair work in various branches of 
the metal trades. We find the oxy-acetylene and arc process for welding 
and cutting indispensable for quick, efficient and economical results. 


The success of a welding job depends a great deal on how it is pre- 
pared, and for this reason the welder should see that the work to be done 
is properly bevelled and edges thoroughly cleaned from dirt, scale and 
grease. Work should be secured in position with suitable strut bolts, 
clamps or wedges, with the proper opening to enable the welder to per- 
form the welding all the way through the plate or job and make the 
weld solid. 


Gentlemen, if you will follow me, we will go through all the processes 
involved as the locomotive and tender goes through the shops for heavy 
repairs. 


We will especially observe the important part played by cutting and 
welding in the overhauling of a large locomotive that has a combustion 
chamber in fire box. 


When engine is shopped tender is disconnected from locomotive and 
sent to tank shop. Locomotive is placed in back shop, where a gang of 
strippers remove all pipes, water pump, air pumps, air reservoirs, cylinder 
heads, piston heads, crossheads, main and side rods, motion work, running 
boards, jacket, lagging, front end, cab fixtures, cab superheater units, 
Steam pipes and headers, bell and bell stand, sand domes, throttle box and 
stand, binders, brake beams and safety hangers and all brackets on boiler. 
We have a well trained oxy-acetylene cutter in stripping gang who burns 
all bolts, nuts and splits the unions and nipples on pipes to facilitate the 
removal of all parts mentioned. 


During time strippers are on engine we have three cutters cut out 
bolts and rivets in ash pan for removal, then burn out fire box sheets, 
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crown and stay bolts. Wheels, engine and trailer trucks, booster engine, 
spring rigging, shoes, wedges, and driving boxes are then removed and 
taken to their respective departments. 


We usually have fire box burned out before strippers are mnagaeor is 
then lifted from frame and taken to boilershop. 


Frames, frame braces and cylinders are cleaned and examined for 
cracked or broken parts. Now in boiler shop, our combustion chamber 
fire box consists of seven sheets; two side sheets, door sheet, throat sheet, 
back flue sheet, crown sheet, and bottom combustion chamber sheet. 


The flue sheet is riveted to crown sheet and bottom combustion cham- 
ber sheet. The door sheet is riveted to crown sheet and welded to side 
sheets. The side sheets are welded to the door sheet, crown sheet and 
throat sheet. The throat sheet is welded to the side sheets, combustion 
chamber sheet and side crown sheet. The bottom combustion chamber 
sheet is welded to side crown sheet, throat sheet and is riveted to flue 
sheet. 


The sheets are beveled single Vee 45 deg., are set with an opening of 
1, in. and are held in place with straps and strong backs. Welding is 
done from fireside and a light bead is fused in on the water side. 


In welding of all superheater flues in firebox, sheet is counter sunk, 
flues set in and a flush weld is made. Welding is used to seal caulking 
edges at four mud ring corners and riveted seams in fire box. Threaded 
flexible bolt sleeves are removed and welded sleeves applied. Fire door 
holes, patches in smoke box and cab, and oil tanks for tenders on new 
construction are welded. Sand boxes, tender tool boxes, blow-off muffer 
drums, tool lockers and benches for shops, all trays for lift trucks that 
are used by store department to deliver material in shops; also all sheet 
iron boxes and pipes are welded. Oxy-acetylene welding is used in the 
repair of pit holes in flues and welding pieces in superheater flues. 


In blacksmith shop heavy billets and forgings are burned out with 
cutting torch. 


Lugs are welded to three point and five point grab irons. 


In tank shop, all patches applied are flush welded, old portion of sheet 
is removed with cutting torch, also all loose rivets in tender splash plates 
are removed with cutting torch. 


Worn ends of tender brake beams are built up by the oxy-acetylene 
process. This class of beams does not need machining as welder builds 
up ends to accurate size, while end is stil! hot it is given a light filing 
to remove the scale. 


With the are process we are building up worn places on following 
parts of locomotive and tender that are machined to standard sizes after 
welding: Main equalizer saddle, driving box cellar spacer, lateral triggers 
for driving boxes, spring saddles, driving box saddles, equalizers, hangers, 
radial buffer castings, chafing irons, centering devices, trailer side bear- 
ing rockers and rocker seats, truck swing links, truck cradle, bolster 
hangers, truck equalizers, engine truck center pins, equalizers, equalizer 
pin holes, pedestals and hangers in tender trucks, eccentric cranks, links, 
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jaws of eccentric rods, radius bar, combination lever and union link jaws, 
trailer and driving boxes, foundation brake gear levers, brake beams, 
hangers, brake shoes, couplers, and loose binder fits. 


We weld all seams in ash pan to make air tight, weld studs on fire 
box and boiler head for cab fixtures and pipe clamps. 


Of the various. methods of fusion welding, the arc process is, in the 
large majority of cases, the most economical for use either in repair- 
ing broken locomotive frames, or introduction of a new section to replace 
an old, crystallized section. The process is not difficult, but there are 
certain precautions that must be taken if positive success is to be 
assured. All too often, in order to save time, proper procedure is not 
followed, and the weld is a failure. This, as is self-evident, is not a 
failure of the process, but is chargeable to careless supervision. 


One of the most remarkable developments is the arc welding with 
bronze. Several important jobs have become our standard practice, 
such as building up of worn crosshead gibs, reducing large size bolt holes 
in crosshead gibs, welding worn back end main rod brasses and building 
up of liners on engine truck boxes. 


Another very important job is the building up of undersize driving 
wheels and trailer wheel rims from 1/16 in. to 1% in. 


Tires are removed from wheels, if wheel center is undersize it is 
cleaned by sand blasting, wheels are taken to welding shop and set on 


pair of rolls, which has an air motor attached to turn wheels for welder. 


We use a 5/16 in. mild steel rod with the welding machine in reverse 
polarity. After welding, wheels are machined to standard size. Crank- 
shaft gear teeth in boosters are built up as are collars on journal ends 
of axles for tender, passenger and baggage cars. 


The repairing of cracked or broken locomotive cylinders has always 
presented quite a problem to locomotive repair shops, but the develop- 
ment of the various processes of fusion welding has tended greatly 
toward the simplification of this problem. The oxy-acetylene torch is 
used to fuse a bronze filler rod into the parent metal of the cylinder. 
When this process is properly handled, an ideal cylinder repair will be 
effected. The building of the furnace is one of the most important opera- 
tions of the process and only too often too little attention is paid to it. 
It is best to enclose the entire cylinder half within a furnace built of 
fire brick. However, when the weld is only a small one in the bottom 
of the cylinder proper, only the cylinder and valve need be enclosed. 
Cylinder should be preheated with charcoal for five or six hours. 


This preheating is necessary for the following reasons: 


|. To prevent the further breaking of the casting due to the heat of 
the weld or the breaking of the weld due to unequal contraction during 
cooling. 
2. To prevent the weld metal and heated metal close to the weld from 
being hardened due to the chilling action of adjacent cold or nearly 
1 metal. 


3. To save welding gases and time. 
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4. To make welding easier. 


Also oxy-acetylene welding with bronze filler rod is used on following: 
Building up of worn piston heads, for steam cylinders of engine, feed 
water pumps and boosters, broken or cracked steam or dry pipes, build- 
ing bronze bosses on cylinders, cracked steam cap end of non-lifting 
injectors, reducing steam nozzle seats in injectors, cracked bodies of 
hydrostatic lubricators, broken mechanical lubricators, sealing ends of 
floats or buckets of feed water pumps, air pump cylinder heads and 
bodies, air valves and discharge valves, reverse gear cross head, all broken 
parts of machines used in shops. Welding in return bends on superheater 
units, is done with mild steel filled rod. 


In roundhouse all cracks in fire boxes, front flue sheet and cracked 
bridges are arc welded. Also small flues are welded around beads. 


In conclusion, I want to express my appreciation of the opportunity of 
being with you on this occasion. Your discussions and associations have 
been most pleasant and profitable to me. 


Pipe Welding Business Progresses * 
WEBSTER TALLMADGEt 


ELDED piping is growing in popularity and can be expected to 
be universal in probably five years. 


Contractors are sending their better regular pipe fitters to welding 
schools to be taught the use of the welding torch. Some three hundred 
have already become qualified in Chicago. The labor unions are co- 


Fie. 1—THe Lower Lert OrrsetT In PLACE 
*Paper originally scheduled for Annual Meeting, A. W. S. 
+President, Webster Tallmadge & Co., Inc., New York. 
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operating nicely as they are seeing the broader view in that if their 
members are able to weld there will be more opportunities for them, 
a good step in the march of progress. 


Fic. 2—PosiTIon WELD NECESSARY TO JoIN Upper Orrsett 


. 


Fic. 3—HEADER END Of CoIL INSIDE THE TANK 
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The tall building heating system offers the greatest opportunity. 
There can be many duplicate pieces of pipe welded and bent in the 
shop and fabricated on the job as the structural steel frame goes up 
and these duplicate sections of steam and return risers with integral 
runouts are welded together, section on section. A reasonably good 
welded job is so much better and cheaper than a screwed job that those 
who have any experience along that line will have nothing else. On the 


1 




















Fic. 4—WELDED PIPING ON HEATING FURNACE FOR MAKING PIPE BENDS 


Fic. 5—OmBGA EXPANSION BEND IN HEAVY STEAM PIPE 
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average job it is common practice to cut, torch bend and weld in the 
field from the straight mill lengths of pipe. 


The results of such constructions are better heating systems from 
a technical steam flow point of view, and the operating cost and first 
cost are lower. 


The technical magazines on piping, heating and power are continu- 
ally asking for articles on welding. The deep technical metallurgy is 
plentiful, but there is little for the ordinary mechanic to read to im- 
prove his quality and he is the keynote to the situation. The edu- 


FIG. 6—WELDING ON A FLANGE CONNECTION IN THE FABRICATION OF STEAM HEADERS 

cational campaign can, however, be still more direct by sending out 
simple, easily read information. A brief two-page leafiet once a month 
would be helpful, showing how oxides are formed, why they weaken welds. 
Simple talks on the crystals in metals, how they lock together 
stronger under some conditions than others, that a metal fails from 
fatigue due to the crystals getting into line and not from crystalliza- 


tion for a metal already composed of crystals does not crystallize and 
hras 
v eak, 


The practical boys in the ranks will understand if not asked to 
hink too fast or too deeply and if given a chance to think without be- 
ing seared to death by too many strange words will help more to make 
welding piping reliable and universally popular than any other factor. 

One problem is to keep the dirt out of the piping so as not to plug 

the heating devices. 


[t is our obligation to teach the world how to improve and progress. 































Arc Welding of Stainless and Corrosion Resistant 


Steels * 
R. D. THOMASt+ 


HOSE manufacturing plants which employ are welding for the 

manufacture of various products are having an ever increasing 
number of requests to make their product of stainless irons and cor- 
rosion resistant steels. The articles called for from these recently 
developed metals include tanks, boxes, window frames, pipes and 
numerous other products. The first questions that are asked are, Can 
these alloys be welded and what is the procedure? The answer is 
likely to confound one with strange metallurgical talk of austenite 
crystals, gamma iron, delta iron, martensite, carbon in grain boun- 
daries and solid solutions until one feels that it is impossible even to 
have a speaking acquaintance with these new metals. Then, if one 
tries to purchase some of the metal, another quandary presents itself 
in the various trade names under which the metal is marketed. There 
are the Ascoloys, Allegheny metal, Rezistal, Enduro, Duraloy, Halcomb, 
Carpenter and others from which a selection must be made. To com- 
plicate the matter further, each trade named alloy has several different 
analyses and presumably only one is the right grade for the particular 
article to be manufactured by the welding process. But like most of 
the puzzles of this world of work, there are short cuts to a sufficient 
understanding of the problem and one need not be a metallurgist or a 
physicist to gain enough knowledge for the proper handling of these 
very useful alloys. 
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These alloys all depend on chromium for their corrosion resistant 
qualities and they divide themselves into two groups. One group is 
the so-called straight chromium steels or irons. They contain 12 per 
cent or more of chromium and are generally termed “stainless.” They 
resist atmospheric oxidation and the milder acids such as fruit acids, 
and are the group from which cutlery is manufactured. The more 
chromium they contain the higher is their corrosion resistant quality 
They can be hardened by heat treatment and drawn to temper in the same 
way as carbon steels. They can be arc welded, but the results are 
liable to be unsatisfactory on account of brittleness. 


The other group includes the alloys containing both chromium and 
nickel in sufficient quantity to make an alloy which the metallurgist 
terms austenitic, thereby meaning that the chromium, nickel and 
carbon are in solid solution in the grains of pure iron. In other 
words, the alloying elements do not form compounds with the iron but 
dissolve in it and thereby give it the ability to resist the attack of 
4 is 
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*Paper presented at May 19, meeting of Philadeiphia Section, A. W. S. 
tPresident, R. D. Thomas & Co., Philadelphia. 
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many acids and to stand up against scaling when subjected to heat 
under oxidizing conditions. This group of austenitic alloys is readily 
arc welded and very satisfactory results can be obtained. It is easily 
differentiated from the less satisfactory straight chromium irons by 
the fact that the chromium nickel alloys are non-magnetic when annealed. 
With a small magnet purchased at the Five and Ten Cents store one may 
determine whether a corrosion resistant alloy belongs to the group of 
straight chromium steels, which are unsatisfactory welding material, 
or to the group of chrome nickel steels which are satisfactory welding 
material. Table I gives typical analyses of chrome-nickel alloy steels 
and stainless irons. 


Fic. 1—PHOTOMICROGRAPH THRU LINE oF Fusion 18/8 CHROME NICKEL Deposit On 18/8 
PARENT METAL— X 200 


The most generally used analyses of the chrome nickel steels are 
those containing 18 per cent chromium and 8 rer cent nickel, gener- 
ally known as the 18/8 alloys. It is this alloy that is most frequently 
encountered in the manufacture by welding of tanks, acid vats, nitric 
acid drums and other articles required to stand up under acid attack. 
Although this metal may be recognized by its non-magnetic quality, this 
test alone does not give conclusive information that it is the proper 
alloy for welding. There are two types of chrome nickel alloys, one 
of which contains low carbon, under .15 per cent, and the other con- 
tains higher carbon, over .20 per cent. Although both the low carbon 
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and the higher carbon alloys can be readily arc welded, the higher 
carbon alloy is not as satisfactory a metal from the welding stand- 
point because of the fact that after welding, it must be annealed in 
order to give it the maximum corrosion resistant qualities and neces- 
sary ductility. The low carbon alloys do not require annealing or 
heat treatment and the resultant welds, if properly made, will be cor- 
rosion resistant, ductile and strong. Due to this difference in the 
characteristics of the low and higher carbon alloys, it is very neces- 
sary for those who plan to weld this metal to know with which one he 
is working. As many of the products which are fabricated by welding 
cannot readily be heat treated, the low carbon alloy is the most usefu! 
from a welding standpoint. If, for some special reason, it is necessary 
to employ the higher carbon alloy, it must be heat treated after al! 
welding and other work has been completed. These high chrome nicke! 
alloys heat treat in exactly the reverse manner from ordinary carbon 
steels. When ordinary steels are heated beyond the critical point and 
suddenly chilled, they become hard. The austenitic steels to which 
this group belongs are made soft and ductile by sudden chilling from a 
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TABLE I 
Typical Analyses of Chrome-Nickel Alloy Steels and Stainless Irons 
Chromium Nickel Carbon Silicon 


Per Cent PerCent PerCent Per Cent 
Chrome Nickel Alloy Steels 


ee Ee 17.0-19.0 7.0-10.0 .07 max. 1.00 max. 
DE OEE. is pieces cannes 17.0-19.0 7.0-10.0 .15 max. 1.00 max. 
Bs FRE “Kaa GBA G0 WN o's Be Ons 17.0-19.0 7.0-10.0 .20 max. 2.0—3.0 
Allegheny Metal .............. 17.0-20.0 7.0— 8.0 .20 max.  .50 max. 
pO RS ea ee ree 20.0-30.0 10.0-20.0 .20 max. .50 max. 
pS eer arr ere 16.5-19.5 7.0-10.0 .15 max. .75 max. 
Carpenter Stainless No. 4...... 18.0 9.5 10 
pS ee ee 8.0-10.0 21.0-23.0 .15 max. 1.2~-1.7 
Straight Chromium Irons 

OOD rs 6 kines o 6 5 6 aoe ae 12.0-16.0 12 max.  .50 
Stainless Iron No. 18.......... 17.0-19.0 10 max. .50 max. 
Duraloy Stainless 18 .......... 17.0-19.0 
Duraloy Stainless 14 .......... 12.0-16.0 
Carpenter Stainless No. 2...... 12.0—14.0 30 
Carpenter Stainless No. 1...... 12.0-14.0 10 

0.0 0.60 .25 max. .60 


pC Ee eee eee ee 26.0—30. 
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high temperature. The so-called heat treatment is, therefore, really 
an anneal. The actual treatment is to bring the steel slowly up to a 
temperature of 1100 to 1200 deg. Fahr. and then rapidly to 1950 deg. 
Fahr. and then quench in water. If desired, it may then be hardened 
by what is normally the tempering operation for ordinary carbon 
steels. 


This necessity for heat treating the higher carbon 18/8 alloys is 
mentioned to emphasize the difference from the welding standpoint of 





i. 3—CHROME STEEL BLADES WELDED IN TURBINE WITH CHROME STEEL ELECTRODES 


the two types of alloys. The shop which is fabricating welded articles 

o! corrosion resistant steels should choose the low carbon alloy which 

requires no heat. treatment. By low carbon is meant an alloy having 

UI der 0.15 per cent carbon. Table II gives the typical physical quali- 

tics of the 18 per cent chromium, 8 per cent nickel alloy usually en- 

countered for are welding. Table IIT gives the 14 per cent straight 
romium irons. 
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TABLE II 


Typical Physical Qualities of 18 Per Cent Chrome, 8 Per Cent Nickel A 
Steel 

Tensile strength in. 

Yield point in. 

re ee By Fe ea eS Pe yg ewe ge» 55-60%, 

Reduction in area 

Brinell hardness 

Coef. of expansion (C°) .000016 to .000022 





TABLE III 
Typical Physical Qualities of 14 Per Cent Straight Chromium Iron 
Tensile Strength 80,000—90,000 lb. per sq. in. 
Elastic limit 60 000-—65,600 Ib. per sq. in 
SN (MIR or Pls SOE a a 6 og A cE wah wed wacceweecbucée’ 25-30° 
Reduction in area 55-60 % 
Brinell hardness 200 
Coef. of expansion (C°) .000009 to .000012 


An important physical characteristic of any metal to be welded is 
the amount of expansion on heating and consequent contraction on 
cooling, because this quality determines the cooling strains which 
will be set up in the weld deposit. These cooling strains are frequently 
enormous and cause cracked and unsatisfactory welds. They must 
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be taken into account in the design of the weld and in the actual weld- 
ing procedure so as to permit them to relieve themselves as much as 
possible. The expansion of 18/8 chrome nickel steel is about 50 per 
cent greater than mild carbon steel and the expansion of the straight 
chromium irons is from 10 per cent to 25 per cent less than mild car- 
bon steels. This high coefficient of expansion of the 18/8 chrome nickel 
alloys makes it advisable to follow a special procedure in the welding 
together of two sheets such as the ordinary longitudinal seam of a 
tank. The first bead is laid down in the usual manner, but the second 








Fic. 5—WEeELDED Pipe AND FiTTInes—18/8 CHROME NICKEL ALLOY 


bead should be started about an inch or more away from the end of 
the seam, thus giving the effect of an open end to relieve contraction 
strains. This method does not give an actual open end, due to the 
fact that there is one bead already deposited, but the effect is that of 
an open end because the cold deposited metal of the first bead is quite 
ductile and its high elongation gives the necessary relief to the second 
bead. In welding seams on both sides, the same procedure of starting 
the second bead away from the end of the seam should be followed. 


The actual welding operation on 18/8 alloys does not present any 
difficulties to the operator, the technique employed being the same as in 
arc welding mild carbon steels. The operator must use reversed polar- 
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ity, that is, the electrode must be connected to the positive pole of the 
welding generator and the work to the negative pole. The meta! 
should be laid down with a smooth, overlapping weave and without 
puddling. Puddling the metal is bad practice because the best grain 
structure for this alloy is obtained by allowing the deposited metal to 
chill as quickly as possible. Puddling tends to hold the metal at the 
higher temperature for an undue length cf time and the resultant 
grain structure will be coarse. The proper welding current should be 








Fic. 6—STEAM JACKETED Soup KetTTrLe—18/8 CHROME NICKEL ALLOY 


determined by making a few test welds and examining them to see that 
good fusion is obtained. The selection of current value should be the 
lowest with which it is possible to obtain good fusion. The arc 
length should be as short as possible in order to minimize the danger 
of oxidation of the weld metal while passing through the arc stream. 
In general, the are voltage will be apparently somewhat higher than 
would be obtained on similar work for steel welding. The reason for 
this apparently higher arc voltage is probably due to the higher 
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sistance of the chrome nickel alloy and the fact that the voltmeter on 
the arc welding generator measures the voltage drop across the elec- 
trodes and the work as well as across the arc. 


It is extremely important that the bead of weld metal be thoroughly 
cleaned, even though no other bead is to be laid on top of it, because 
foreign substances may start a corrosive action. If the bead is sand 
blasted, it is necessary that clean sand be used in order that no harm- 
ful corroding materials be left on the deposit. For the reason that for- 
eign particles may start a corrosive action, it is good practice to make 
as smooth and neat a bead as possible, thus leaving no crevices for 
their lodgment. 


The proper electrode for welding the 18 per cent chromium, 8 per 
cent nickel low carbon alloy is a coated electrode having a core of 
approximately the same analysis. The coating must produce a re- 
ducing atmosphere surrounding the are or otherwise the weld metal 
will be oxidized and the resultant weld will be porous. The coating 
must, furthermore, contain no carbon because the weld metal will pick 
up carbon readily and have its corrosion resistant qualities destroyed. 
Furthermore, the coating must form a slag over the deposited metal 
and protect it while hot from oxidation. Properly coated electrodes 
are available for arc welding of 18/8 chrome nickel alloys. This metal 
can also be arc welded satisfactorily with the atomic hydrogen process. 


As previously stated, the straight chromium irons containing 12 
per cent or more of chromium are not very satisfactory material for 
welding. If they are welded with a rod of approximately the same 
analysis as the parent metal, the resultant weld will have absolutely 
no ductility. They may, however, be welded with a properly prepared 
18/8 chrome nickel rod with more satisfactory results than can be ob- 
tained with a rod of the same material as the parent metal. 


This discussion has stressed the 18 per cent chromium, 8 per cent 
nickel type of alloy because it is the one most generally encountered. 
The usual analysis includes carbon under 0.15 and silicon 1.0 max. A 
modification of this analysis has silicon of 2 to 3 per cent. This higher 
silicon alloy is more highly heat resistant than a lower silicon alloy. 
Another of the heat resisting alloys contains chromium 10 per cent 
and nickel 24 per cent. It also may be welded satisfactorily. The 
principal uses of the heat resisting alloys are the manufacture of 
cracking stills, annealing and carburizing boxes, hearths of furnaces 
and similar parts subjected to high temperatures. 


The development of these new corrosion resistant and heat resistant 
metals seems to mark another stage in man’s attempt to conquer 
Nature and make life easier for himself. For many years steel and iron 
have been our most important metals. Iron in Nature’s form is iron 
ore or oxide of iron, from which iron and steel are made and fabricated 
into buildings, machinery and all manner of articles. No sooner is 
the work of fabrication complete, however, than Nature starts to tear 
down the work by doing her best to convert the iron back to its original 
form of iron oxide. The development of corrosion resistant steels is 
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therefore a step in man’s constant warfare against Nature’s desire to 
have things as she made them and not as man needs them. The weld- 
ing industry is going to be one of the big factors in this new develop- 
ment. 


Metals and Welding * 


W. B. MILLERt 


T has often been said that the usefulness of many metals and alloys 

will increase as our ability to weld them increases. This seems par- 
ticularly true in the case of the many corrosion resistant alloys now 
on the market. Welded joints are preferable on account of their 
tightness, and permit the fabrication of apparatus otherwise difficult 
to manufacture. Considerable information has been published on the 
welding of the more common metals and alloys, but little information 
is available as to the weldability of the numerous alloys used for with- 
standing the various corrosion conditions in the chemical industry to- 
day. Practically all of the newer developments in alloys have been 
carried out with the idea of combating some particular corrosion con- 
dition. 


In the September issue of Chemical and Metallurgical Engineering 
appears a supplement listing one hundred seventeen metal compo- 
sitions, ferrous and non-ferrous, which are used in the chemica! in- 
dustries. A large number of these alloys are unknown to the average 
welder for the reason that his reading is not of wide enough scope to 
gain a knowledge of these particular alloys. Quite often he is called 
upon to weld some alloy, the composition or type of which he is en- 
tirely ignorant of. In order to acquaint the welder with the mor 
uncommon metals, it was believed that a classification of the many 
commercial alloys would be useful, not only into ferrous and non-fer- 
rous groups, but into types according to composition, as well as a dis 
cussion of the weldability based on the properties of the alloys an¢ 
metals entering into their composition. 


A preliminary classification may be made as follows: 


TABLE I 


( Aluminum 
Ingot Iron 
Lead 
Nickel 
Copper 

Zine 

Silver 

Magnesiuia 


Single Metals 


*Paper presented before Dec. 10, 1929, meeting of New York Section, American \\ 
ing Society. 


+Metallurgist, Union Carbide and Carbon Research Labs., Long Island City, N 
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( Brasses 
| Tin Bronzes, Phosphor Bronzes 
| Aluminum Bronzes 
| Nickel Silvers 
| Nickel Chrome 
| Silicon Bronzes 
| Special Alloys, Hastelloy A, C & D, Stellite, ete. 
(Monel 
Chromium Iron (Silicon) 
J Chromium Nickel Iron (Silicon) 
| Iron Silicon Alloys 
Nickel Chromium Iron 


Non-Ferrous 


Ferrous 


The welding of the metals: aluminum, iron, lead, nickel, copper and 
zinc has been well covered in paper presented before the various tech- 
nical societies and in numerous bulletins of manufacturers of welding 
apparatus and supplies. However, a littke may be mentioned here of 
the present state of the art of welding these metals. 


Aluminum 

The welding of aluminum has been amply described in Bulletin No. 
32, American Institute of Mining Engineers, in the May, 1928, issue 
of Welding Engineer, and January and April, 1929, issues of Journal 
f the American Welding Society. 


Iron 


On account of its high dutility, ingot iron does not present any 
difficulty in welding. 


Lead 


The welding of lead, commonly called “Lead Burning” is common 
practice today, being accomplished with flames of various fuel gases 
in conjunction with oxygen. 


Ni kel 


Messrs. Pilling and Kihlgren have published an excellent paper on 
the welding of nickel’. It is interesting to note that the French’ have 
solved the problem of nickel welding with the use of a flux containing 
manganese. With such a flux they have satisfactorily welded nickel 
previously considered unweldable. They claim the use of the flux to be 
preferable to the addition of manganese to the welding rod composition. 


er 


~ince the discovery that oxygen or cuprous oxide was the bugbear 
elding coprer, this metal is now furnished deoxidized and presents 
‘ifficulties due to intergranular copper—copper oxide eutectic im- 
ately adjacent to the fusion zone. In this country deoxidized cop- 
rods are recommended’ while in France’, it is maintained that 
dized rods are not necessary, for it has been shown that the 
etylene flame not only prevents oxidation, but reduces the oxide 
dy present in the welding rod. Pure copper rods are, therefore, 
nmended by the French. 


‘though there does not appear to be any great demand for welding 
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zine, a few remarks regarding the welding of this metal may be of in- 
terest. One would be inclined to think, as a result of experience in 
welding brasses, that a strong volatilization of metal.would take place 
during welding. However, with a flame similar to that used in lead 
welding, no difficulty is encountered, for the boiling point of zinc is in 
the neighborhood of 900 deg. C., considerably higher than its melting 
point of 419 deg. C. Ammonium chloride has been suggested as a flux. 
In the as welded condition, weld metal and metal adjacent to the weld 
experience grain growth and are brittle. 


Silver 
Occasionally there is a demand for welding silver linings in tanks 
for special chemical purposes. The welding may be satisfactorily ac- 





TABLE II 


Partial List of 





Trade Names of Various Non-Ferrous Alloys 











roximate sition 
Name Cu Za Pb Sn AL Mn Fe si 
| admiralty 70 29 1 
Commercial Bronze 90 10 
Hardware Bronze 89 9 2 
Red Brass 85 15 
Brasses Extruded Metal 88 40 2 
Muntz Metal 8) 40 
Manganese Brouze 56 40 1 1 1 1 
Naval Brass 60 39 1 
Spring Oreide 92 8 
Phosphor Bronze 30 95.5 4.5 P-0.2 
e " 47 91.6 8.2 P- 0.15 
| Bronzes be * 29 9 10 Trace P 
| Gun Metel 88 2 10 
| ampoo Metal 62 10 8 
Aloumi te 92 8 
Aluminum Aluminum Bronze 88-96 2,.5-10.5 
Bronze Bytensl Bronze o 10 6 6 
| Resistac 90 i 
Titanium Al Bronze 989 10 1 
aL 
Everdur 95 i a 
} Si Bronze Tempaloy 95 1 
ambrac Ki) 5 20 
Nickel Silver 16-a 65 17 18 
ad * 16-B 55 27 18 
Adnic 70 1 29 ax ° : 
Nickel Davis Metal 6? 29 * 
Conner Alterite 55 i} 3s 5 Comp.Varies 
Everbrite C9) 3s 
Admiralty Nickel 7 29 i 
Monel Metal 28 67 Balance Fe-Mn-Si-C 
Mond 70 29 70 1 
Tophet A 4 = 
okel Bichrome III-IV 
a Illium @ 60 25 Mo-4, W-2, Qu-7, Mnl.5, Si-0.5 
Chromel 60 20 
Bastelloy A 60 Mo .20, Fe 20 


Special Hastelloy D 3.0 86.5 1.5 
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complished, but it is extremely important that the welding be carried 
out in a well-ventilated atmosphere. The writer knows of one instance 
where the operator became seriously ill and his skin turned almost 
black in places. 


Magnesium 


This metal may be welded with the oxyacetylene torch, using a flux 
similar to that used for aluminum. Great care should be taken to in- 
sure a flame free from excess oxygen and the fusion zone should be 
kept covered with the envelope flame as much as possible to prevent at- 
mospheric oxidation. We are all familiar with the ready flammability 
of magnesium and for this reason extreme care should be exercised 
in attempting to weld this metal. 


NON-FERROUS ALLOYS 

Brasses 

Brasses are essentially alloys of copper and zinc, the copper content 
varying from 55 per cent to 90 per cent. These alloys are generally 
of two types: cold working brasses containing 70 per cent or more cop- 
per and hot working brasses containing less than 70 per cent opper, 
usually 58-60 per cent Cu. The constituent metals are weldable, 
but the alloy presents difficulties due to the volatilization of zinc, 
which is brought about by the high melting point of the alloy which 
approximates the boiling point of zinc. Contrary to the usual welding 
practice, better results are obtained with a slightly oxidizing flame. 
Such practice may cause a slightly higher loss of zinc, but the fusion 
is more quiet and the ‘surface of the weld is smoother, and denser 
weld metal is obtained. When one considers that dense castings may 
be obtained by treating a molten non-ferrous alloy with an oxidizing 
flux, it is only a natural step to use an oxidizing flame in welding. If 
color is a consideration, it is necessary to choose a filler metal of 
approximately the same zinc content as the brass being welded. 


Tin Bronzes 


Bronzes usually contain from 5 per cent to 25 per cent tin, the melt- 
ing point ranging between 800° C. and 950° C. approximately. Weld- 
ing of these alloys is confined chiefly to repairs of broken castings. 
Best results are obtained by preheating which performs the dual 
purpose of controlling expansion and contraction, and bringing into 
solid solution the tin rich delta constituent, thus minimizing the sweat- 
ing out of tin adjacent to the fusion area. The welds should be car- 
ried out quickly with a minimum amount of heat on account of the red 
shortness of the metal. Where hardness and color are not a factor, 
the repairs may be carried out with rods of the manganese or Tobin 
nb types. Several bell repairs have been made with manganese 
ronze, 


Aluminum Bronzes 


These alloys form an important class, for they are amenable to heat 
atment, have good physical properties and are quite resistant to 
many corrosive agents. As may be expected, the difficulty in welding lies 
the formation of an infusible alumina slag. It is necessary to use 
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an extremely active flux similar to that used for aluminum or one 
which has a solvent power for aluminum oxide. Alloys containing up 
to 8 per cent aluminum are usually solid solutions. With higher 
aluminum content, eutectoid structures are obtained and the alloys 
are amenable to heat treatment. This fact should be considered in 
welding the higher aluminum content alloys. 


Silicon Bronze 


Mr. W. R. Hibbard, American Brass Co., has described in a recent 
paper before the International Acetylene Association’ the welding ot 
copper and the silicon bronzes. These alloys may be satisfactoril) 
welded, and when their properties are more generally known will find 
wide application in industry. Everdur and Tempaloy are the two 
chief examples of silicon bronzes. To insure satisfactory results i: 
welding, a thorough knowledge of the physical properties and heat 
treatment of these alloys is absolutely necessary. 
Nickel—Silver—German Silver, ete. 

These alloys usually consist of copper, nickel and zinc, and are noted 
for their white color, ability to take a high polish and to resist atmos 
pheric corrosion. With those alloys containing high zinc content, 
there is some difficulty with porosity. In order to match color, a rod 
of similar composition is used; otherwise the joint may be accom- 
plished by brazing or silver soldering. Very little information ha: 
been published on the gas welding of these alloys. 


Another important group of non-ferrous alloys is that of the nicke! 
chromium compositions containing no iron or-only small amounts of 
this element. These alloys are weldable with rods of similar compos 
tion. 


Among other non-ferrous alloys not coming under any general class 
are Monel metal, Hastelloys A, C and D. It is hardly necessary at 
this time to discuss the welding of Monel metal, for this subject has 
been amply covered in the literature. The Hastelloys are special al- 
loys designed to meet specific corrosion problems. Alloy A, a nickel- 
molybdenum-iron composition, is particularly suitable for resisting 
various concentrations of hydrochloric acid. It welds easily with rods 
of similar composition, the welds showing good acid resistance. Allo) 
D, a nickel-silicon-copper-aluminum alloy is non-machinable and has 
low ductility and must be handled much the same as cast iron in wel: 
ing, i.e., careful preheating and post-cooling are necessary. Alloy “C” 
in cast form is resistant to the same corrosive reagents as alloy “A.” 
but has the additional property of resisting wet chlorine gas. Th: 
alloy is readily weldable by the oxyacetylene method. 


Chromium-Iron and Chrome Nickel-Iron Alloys 


The use of the chromium-iron and chrome-nickel-iron alloys is i) 
creasing rapidly and there are about a hundred of these alloys on th 
market today, the same alloy occurring under a variety of trade names. 
In a paper presented before the A. S. T. M. in June, 1928, the writer 
discussed the welding of the various alloys classed according to thei) 
composition.* Difficulty is experienced with some of the alloys due 
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TABLE III 


Partial List of 





james of Various Ferrous Alloys 





te © sition 
Max. 


si Mo 





Carpenter Stainless | 
° . Zz 
a * Ss 
Duraloy A 
” B 


Enduro A 

4-°@ 

* s-15 
Stainless A Colon. 

= B ° 

J I 7 
Sterling Steinless A 

2 . B 

7 . Tt 
Sweetaloy 16 Cstg. 

° i» * 


anks Metal 


Midvale V2a 
Staybrite 
Rezistal 2c 

e Ka2 
Stainless N Colon 

. U e 
Sterling Niroste 
Sweetaloy 17 Cste. 
HiGloss 
Midvale H.R. 
Rezistal 4 

. 7 

*" 2600 

* 8656 

*"  355C 
Cyelops 17 
Pyrosteel 


Chromax Cetg. 
Durimet B 

° A 

" D Cetge. 
Firearmr 
Midvale ATV I 

7 e 3 

°® s.%.6. 
Misco Cetg. 
Std. Misco 
Nichrome Cstg¢. 
Fahrite Cetg. 
Q-Alloys Other elements 
Zorite 


Duriron 85 
Tantiron 1.00 
Corrosiron 1.00 
Meehanite 


Hastelloy A -20 60 20 
Konel 7 Co 7.5 Ti 2.5 
Tomean Cu-Mo-Fe 03 +07 0.45 


With repidly changing names and compositions it is impossible 
to test every trade alloy on the mrket. The above partial list is 
sufficient to give the welder an idea of the various cempositions used. 
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the formation of an infusible slag. To take care of this condition 
special fluxes have been devised which have a high solvent power for 
chromium oxide. A few of the important items to bear in mind are 
that alloys containing 12-14 per cent chromium and up to 0.3 per cent 
carbon are air hardening; hence, the welds and metal immediately ad- 
jacent to the weld will be hard and brittle. This condition can be 
corrected somewhat by appropriate annealing. If it is necessary that 
the welds have toughness and ductility, these properties are obtained 
by the use of the well-known chrome-nickel alloys so widely advertised 
at the present time. Alloys containing a large proportion of nicke]— 
17-35 per cent, may cause difficulty due to heat cracking, but this may 
be avoided by taking proper precaution to control expansion and con- 
traction. The manufacturers of the various alloys have experimented 
considerably and have available information covering the ordinary 
welding problems. 


From this rather brief survey of the many commercial metals and 
alloys, we may say that in spite of the high temperature of the oxyacet- 
ylene flame, it may be used for uniting metals with very low melting 
points. It is chiefly a question of choosing the proper sized flame. A 
little study and practice on the part of the operator is required for 
each alloy or class. There are a few instances of alloys which are 
almost impossible to repair or join by welding, the most notable being 
the die cast alloys of aluminum, tin and zinc in various combinations. 


In Tables II and III are given the trade names and approximate 
composition of many of the commercial alloys. Further information 
concerning the physical and corrosion resisting properties of the 
various alloys may be obtained by referring to the September, 1929, 
issue of Chemical and Metallurgical Engineering or to the various 
manufacturers’ brochures on their specific alloys. 
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eigenschaften in Schwessnaehten der Kesselteile), E. Helfrich. Ziet des 
Bayerischen Revisions-Vereins (Munich). (June 15, 1930), Vol. 34, No. 11, 
pp. 155-157. It is claimed that properties of weld cannot be determined from 
weld specimen and therefore determination of properties in specimen is not 
reliable criterion. 

Bridges—Floors, Concrete. Welded Trusses Developed for Bridge Floor 
Reinforcing, H. M. Bringhurst. Eng. News-Rec. (July 3, 1930), Vol. 105, 
No. 1, p. 8. Deseription of welded slab reinforcement used in two large bridges; 
Ohio River Bridge at Louisville and Ambassador Bridge at Detroit; tests 
showed almost perfect elasticity of trusses. 

Control of Weld Properties. R. W. Holt. Acetylene Journal. (July, 1930), 
Vol. 32, No. 1, pp. 17-19. The various factors affecting the properties of 
weld deposit are so inter-related that the operator must consider each care- 
fully with respect to the others to produce sound work. 

Design and Uses of Arc-Welded Joints. N. Warshaw. Welding. (July, 
1930), Vol. 1, No. 9, pp. 591-595. Different combinations of joints and struc- 
tures can be welded more economically than by any other means of fabrication. 

Diesel Engines—Welding. Heavy Engine Welding Practice, 0. Adams. 
Welding. (June, 1930), Vol. 1, No. 8, pp. 528-531. Repairs to bed plates and 
crankeases of diesel and gas engines commonly used in oil fields. 

Electric Welding, Arc. Applying the Principles of Steel Mill Practice to 
Are Welding, J. B. Austin. Iron and Steel Engineer. (June, 1930), Vol. 7, 
No. 6, pp. 319-324. Analogy between mill practice of making steel and arc 
welders’ method of alloying and purifying metals in arc; various coatings 
applied to mild steel electrodes to provide certain definite characteristics to 
deposited metal such as greater hardness, strength, ductility, resistance to 
corrosion, and resistance to repeated impact stresses. 

Electric Welding, Arc. Are Welding is Selling Steel, J. Lincoln. Assn. 
of Iron and Steel Elec. Engrs.—Proc. for Yrs. 1928-1929, pp. 290-294 and 
(discussion) pp. 294-296. 

Electric Welding, Arc. Jet Cutting and Electric Welding. Machy. (N. Y.). 
(June 19, 1930), Vol. 36, No. 923, pp. 369-377. Account of new applications 
and welding equipment. 

Electric Welding, Arc. Recent experience with Electric Arc Welding 
(Neuere Erfahrungen mit der elektrischen Lichtbogenschweissung), K. 
Jurezyk. Stahl und Eisen (Dusseldorf). (June 12, 1930), Vol. 50, No. 24, 
pp. 834-840. Reduction of stresses in welded joints by suitable measures, 
especially by proper structural arrangement of pieces to be welded, sig- 
nificance of cooling speed, feed velocity and secure fastening of counter-elec- 
trodes for toughness of weld; welding of steel structures and machinery parts. 

Electric Welding, Are—Atomic Hydrogen. Atomic Hydrogen Arc Welding, 
J. D. Wright, Ass’n. of Iron and Steel Elec. Engrs.—Proc. for Yrs. 1928-1929, 
pp. 47-48. 

Electric Welding, Arc. Recent Progress in New Electric Welding Processes 
(Progres recents realises dans les nouveaux procedes de soudure electrique), 
Revue Generale de L’Electricite (Paris). (May 17, 1930), Vol. 27, No. 20, 
p. 787-794. Discussion of bulletin issued by Societe d’Encouragement pour 
‘Industrie Nationale; notes on Kjillberg process of are welding, of manual 
are welding, automatic arc welding; description of modern equipment and 
mproved procedure; advantages of automatic and semi-automatic welding; 
nodern applications. 

Electric Welding, Arc. Study of the Electric Welding Arc with Iron Elec- 
rodes, G. M. Tikhodeev. Electritchesvo (Moscow). (February, 1930), No. 
, pp. 196-208. Results of investigations by author on conductivity of welding 
ire by direct current and iron electrodes; H. Ayrton equation can be applied 
n welding processes for statical characteristics; with increase of diameter 
f electrodes conductivity of are decreases, but latter effect is insignificant for 

rmal current intensities; use of alkaline and earth-alkaline metals for cov- 
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ering welding rods likewise leads to reduction of conductivity of are. (1: 
Russian.) 

Electric Welding, Arc—Flux Coatings. Influence of Flux Coated or Covered 

Electric Welding, Arc—Polarity. Polarity in Electric Are Welding (Di 
Polaritaet bei der elektrischen Lichtbogenschweissung), Sandelowsky. Elec 
troschweissung (Braunschweig) (April, 1930), No. 4, pp. 72-75. Results o/ 
author’s study of electric metal are in atmospheric air at room temperature; 
ignition and burning processes; choice of polarity; heat drop of electrod 
magnetic disturbances. 

Electric Welding, Arc—Transformer Regulation. Electric Are-Welding 
Transformers with Current Regulation by Third Winding. M. Pierson. Soci 
ete Belge des Electriciens—Bul. (Brussels) (January, 1930), Vol. 54, pp. 7-20 
(February, 1930) pp. 61-76, and (March) pp. 114-131. 

Electric Welding Machines. Electric Spot Welding Machines (Machines 
electriques a souder par points), L. Lenouvel. Science et Industrie (Paris) 
(April, 1930), Vol. 14, No. 195, pp. 237-242. 

Electric Welding Machines. New Heavy-Duty Flash Welding Machines 
AEG Progress (Berlin) (March, 1930), Vol. 6, No. 3, pp. 98-100. 

Electric Welding Machines, Portable. The Use of Gasoline Engines in the 
Are Welding Field, A. F. Davis. Motive Power (June, 1930), Vol. 1, No. 5, 
pp. 16-17. 

Electric Welding, Resistance. Electric Resistance Welding (A _ villamos 
ellenallashegesztes es a toemeggyartas), B. Jozsef. Elektrotechnika (Buda- 
pest) (April 15, 1930), Vol. 23, No. 7/8, pp. 70-74. Development of electric 
resistance welding. 

Electric Welding, Resistance. Resistance Welding by Projection Method, 
J. A. Weiger. Welding (June, 1930), Vol. 1, No. 8, pp. 538-539. 

Facts Concerning Automatic Are Welding. A. M. Candy. Welding (July 
1930), Vol. 1, No. 9, pp. 599-601. Advantages, limitations, speeds obtainab|: 
and some of the applications are a few of the points discussed by the author 

Fire Hazards in Cutting and Welding. C. W. Mowry. The Welding Engi 
neer (June, 1930), Vol. 15, No. 6, pp. 43-44. Dismantling with the torch with 
out sprinkler protection, ignition by sparks passing through cracks, are som¢ 
of the reasons for increasing fire losses. 

Floors, Steel—Welding. Electric Welded Steel Floor Construction. L. H 
Miller. Can. Engr. (Toronto) (June 24, 1930), Vol. 58, No. 25, pp. 701-702. 

Floors, Steel—Welding. Welded Steel Floor Construction. L. H. Mille: 
Iron and Steel of Canada (Gardenvale, Que.) (Mav, 1930), Vol. 13, No. 5, 
pp. 99-101. 

Gas Pipe Lines—Electric Welding. Field Application of Electric Welding 
of Gas Lines—D. L. Brown. Am. Gas Assn., Proc., 1929, pp. 1175-1180. 

Gas Pipe Lines—Oxy-Acetylene Welding. Field Application of Oxy-Acet) 
lene Welding. E, V. Kesinger. Am. Gas Assn., Proc., 1929, pp. 1180-1213. 

Gas Pipe Lines—Oxy-Acetylene Welding. Oxwelded Pipe Lines for Gas and 
Oil Distribution. T. C. Fetherston. Gas Age-Rec. (May 17, 1930), Vol. 65, 
No. 20, pp. 728-730. Brief account of application of oxyacetylene welding to 
pipe line construction. 

Gas Purification—Cuba. Large Arc-Welded Gas Purifier in Cuba. H. I. 
Skilton. Gas Jl. (London) (May 14, 1930), Vol. 190, No. 3495, pp. 364-365. 

Gas Welded Sheet Metal Products. Welding (July, 1930), Vol. 1, No. 9, 
pp. 619-622. 

Gas Welding vs. Carelessness. H. E. Newell. Acetylene Journal (July, 
1930), Vol. 32, No. 1, pp. 20-21. Every possible safeguard has been incor- 
porated in oxyacetylene apparatus, yet mounting fire losses indicate that man- 
agement and operators are not exercising proper precautions. 

Glider Manufacture—Welding. Welding in Glider Construction. J. C. Coyle. 
Welding Engineer (June, 1930), Vol. 15, No. 6, pp. 39-40. Use of oxyacetylene 
torch for welding jigs, for assembling fuselages, tail surfaces and for welding 
component parts of glider itself. 

Hard-Facing Metals—Their Applications. R. L. Lerch. Welding (July, 
1930), Vol. 1, No. 9, pp. 613-614. Because of their resistance to abrasive action, 
they are used in many industries to build up worn parts. 

















1930] CURRENT WELDING LITERATURE 107 


Jigs and Fixtures, Welded. Are-Welded Jigs, Fixtures and Machines. J. R. 
Weaver. Machy. (New York) (June 19, 1930), Vol. 36, No. 923, pp. 378-580. 

Large Steel Roof Deck Is Are Welding to Purlins. Iron Trade Review 
(July 10, 1930), Vol. 87, No. 2, p. 60. 

Machinery, Welded. ‘Strength and Rigidity of Fixed and Rotating Machine 
Parts of Cast Iron and of Welded Steel Construction. K. Thien. Elektro- 

technik und Maschinenbau (Vienna) (May 4, 1930), Vol. 48, No. 18, pp. 405-412. 

Manganese Welding in Railroad Work. Miles C. Smith. Fusion Facts 
(July, 1930), Vol. 3, No. 8, pp. 5-9. 

Metals—Hard Facing. Hard Facing with the Electric Arc. M. C. Smith. 
Welding (June, 1930), Vol. 1, No. 8, pp. 5385-537. (Continuation of serial.) 

Overlaying Manganese Steel with Alloy Steel Welding Rods for Resistance 

» Abrasion. Fusion Facts (July, 1930), Vol. 3, No. 8, pp. 14-16. 

Oxy-Acetylene Welded Piping Specifications. Power Plant Engineering 
(June 15, 1930), Vol. 34, No. 12, p. 717. 

Oxy-Acetylene Welded Rotary Kiln Construction. H. E. Rockefeller. (July, 
1930), Vol. 32, No. 1, pp. 9-12. Experimental work on this type of construction 
indicates production economies for present-day manufacturer which benefit 
the user in lower operating costs. 

Oxy-Acetylene Welding—Accident Prevention. Prevention of Acetylene Ex- 
plosions and Extinguishing of Acetylene Fires (Verhuetung von Acetylenex- 
losionen und Abloeschen von Acetylenbraenden). A. P. Bottke. Autogene 
Metallbearbeitung (Halle) (May 15, 1930), Vol. 23, No. 10, pp. 157-163. Notes 
n actual explosions and fires, and description of experiments with burning 
aectylene tanks and gas lines; experiments with carbide. 

Oxy-Acetylene Welding Applications. Mechanical and Welding Engineer 
(May 20, 1930), Vol. 4, No. 5, pp. 150-152. 

Oxy-Acetylene Welding Process in Railway Shops, The. .F. C. Tinder. Weld 
ng (July, 1930), Vol. 1, No. 9, pp. 602-605. Proper training of welders and 
upervision are essential factors for the continued growth of welders. Correct 
preheating and annealing most important. 

Penstocks—-Welding. Welded Penstock Used in Italian High-Head Project. 
R. W. Miller. Power (June 3, 1930), Vol. 71, No. 22, pp. 870-871. 

Pipe Lines—Oxy-Acetylene Welding. Estimating Gas Welded Piping Costs. 
). E. Roberts. Welding (June, 1930), Vol. 1, No. 8, pp. 532-534. 

Pipe Lines—Oxy-Acetylene Welding. Oxy-Acetylene Welded Pipe Lines. 
G. O. Carter. Oil and Gas Jl. (June 5, 1930), Vol. 29, No. 3, pp. T-140 and 
r-143. Notes on development of practice of welding pipe lines; Prairie Pipe 
Line Co. is credited with pioneer work in 1919 and 1920; data is chiefly on 
petroleum lines, with some information on gas lines; welding practices have 
ept pace with demands of high strength pipe and welded joint continues to 
e as strong or stronger than pipe material. 

Pipe Lines—Welding. Electric Are Welding of Pipe Lines. C. M. Taylor. 
Oil and Gas Jl. (June 5, 1930), Vol. 29, No. 3, pp. T-76 and T-79. 

Pipe Welding Specifications. Specifications and Standards Covering Work- 
nanship, Design and Construction. Heat. and Piping Contractors Nat. Assn. 
Off. Bul. (June, 1930), Vol. 37, No. 6, pp. 177-184. Specifications cover require- 
ments for fusion welding of all steel and wrought-iron piping, plain or gal- 
anized, both standard and extra heavy weight pipe, for steam and process 
iping operating at pressures not exceeding 250 lb. (gage pressure) and at 

temperatures not exceeding 406 deg. fahr.; purpose of specification is to regu- 
ate and standardize practices employed in installation and tests of fusion 
velded piping and to control materials and design. 

Pressure Vessels—Welding. The Strength and Design of Fusion Welds for 
Unfired Pressure Vessels. L. W. Schuster. Mech. World (Manchester) (May 
23, 19380), Vol. 87, Nos. 2264, 2267 and 2268, pp. 484-487; (June 13), pp. 551- 
53, and (June 20), pp. 585-588. 

Pressure Vessels—Welding. Welded Boilers. E. R. Fish. Am. Soc. Naval 
Engrs. Jnl. (February, 1930), Vol. 42, No. 1, pp. 196-204. 

Be Control for Aircraft Welding. H. L. Whittemore, J. J. Crowe and 

H. Moss. Welding (July, 1930), Vol. 1, No. 9, pp. 589-590. If adopted by 
ee would, by reducing the human element to absolute minimum, 
result in structures of consistently high quality. 
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Pumps—Oxy-Acetylene Welding. Welding in the Manufacture of Pumps 
C. H. 8S. Tupholme. Mech. World (London) (June 20, 1930), Vol. 87, No 
2268, pp. 583-584. 

Railroad Repair Shops—Welding Practice. Gas Welding on Missouri-Kan 
sas-Texas. G. W. Lieber. Welding (June, 1930), Vol. 1, No. 8, pp. 519-524. 
Progress of welding on railroads retarded by inexperienced operators; uses 
of gas welding in locomotive and car repair. 

Rails—Are Welding. Electrical Rail Reclamation. Railroad Herald (May, 
1930), Vol. 34, No. 6, pp. 26-28. Brief description of new application of arc- 
welding process which is expected to add many years of usefulness to wor! 
rail, and to help reduce maintenance work. 

Safe Operation of Acetylene Generators. The Welding Engineer (June, 
1930), Vol. 15, No. 6, pp. 51-53. Correct installation, experienced operator, 
periodic inspection and keeping of operating records make for safety and 
economy. 

Scientific Production of Weld Behavior. R. E. Kinkead. The Welding En- 
gineer (June, 1930), Vol. 15, No. 6, pp. 49-50. To determine accurately the 
cost and other properties of a welded product requires consideration of al! 
factors affecting weld behavior. 

Shipbuilding—Welding. Welded Design in Boat Construction. J. G. Brown, 
Jr. Welding Engineer (June, 1930), Vol. 15, No. 6, pp. 35-38. All-welded 
60-ft. vessel for bulk deliveries of refined oil, with leakproof bulkheads which 
presented problem in warpage; expansion buckles prevented by step-back 
welding; advantages are less weight, reduced cost and more rigid structure. 

Six Miles of Automatic Welding. D.G. Baird. Welding (July, 1930), Vol. 
1, No. 9, pp. 606-608. Eliminates rivets, calking, leakage and gives greate 
strength in new type tank tops for ore carriers. 

Some Fundamentals of Ship Pipe Welding. S. Matheson. Welding (July, 
1930), Vol. 1, No. 9, pp. 596-598. Great economies can be obtained by the 
sunt and designer through the elimination of screw fittings by using pipe 
ends. 

Something of the Metallurgy of Manganese Steel. Fusion Facts (July, 
1930), Vol. 3, No. 8, pp. 17 and 29. 

Spot Welding in Factory Production. The Welding Engineer (June, 1930), 
Vol. 15, No. 6, pp. 45-46. Maximum production depends on the choice of 
materials and proper machine setting, thus reducing the human element as a 
factor. 

Standard Practice Rules for Welding. Robert Moran. The Welding Engi 
neer (June, 1930), Vol. 15, No. 6, p. 47. 

Steam Pipe Lines—Welding. Welded Steam Piping. W. Tallmadge. Heat 
and Vent. (June, 1930), Vol. 27, No. 6, pp. 90-92. 

Structural Steel. Modern Structural Industry Demands Knowledge of Arc 
Welding. C.J. Holslag. Assn. of Iron and Steel Elec. Engrs.—Proc. for Yrs 
1928-1929, pp. 35-37. 

Structural Steel—Oxy-Acetylene Cutting. An Investigation of the Failur« 
of Flame-Cut Wind-Bracing Brackets. W. J. Krefeld. Columbia Univ. Eng 
Testing Lab. (July, 1929), No. 3, 133 pp.; see also abstract in Eng. News 
Rec. (April 24, 1930), Vol. 104, No. 17, pp. 684-685. 

Structural Steel—Welding vs. Riveting. A Comparison Between Riveted 
and Are Welded Structural Design. C. M. Taylor. Contractors and Engrs. 
Monthly (April, 1930), Vol. 20, No. 4, pp. 69-71. 

Structural Steel Welding. Progress in Structural Welding. A. F. Davis 
Am. Contractor (May 10, 1930), Vol. 51, No. 19, pp. 16-17. (Continuation of 
serial.) Concluded in May 17, 1930, issue of Am. Contractor, pp. 12-13. 

Structural Steel Welding. Structural Steel and Pipe Line Welding. O. A 
Tilton. West. Machy. World (June, 1930), Vol. 21, No. 6, pp. 239-242. Facts 
regarding application of fusion welding to fabrication of steel buildings and 
pipe-line construction. 

Structural Steel Welding. Welding Machinery and Steel Structures. A. M. 
Candy. Welding Engineer (June, 1930), Vol. 15, No. 6, pp. 41-42. Chief ad- 
vantages of welding for electric motor-generators, buildings and bridges. 

Structural Steel Welding. Welding Structural Steel Buildings. F. P. Mc- 
Kibben. Can. Engr. (Toronto) (June 24, 1930), Vol. 58, No. 25, pp. 697-700. 
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Tanks—Welding. Manufacturing Welded Metal Products. J. C. Coyle. 
West. Machy. World (June, 1930), Vol. 21, No. 6, pp. 242-244. 

Technique for Welding 18-8 Alloys Proves Simple. R. D. Thomas. Iron 
Trade Review (June 19, 1930), Vol. 86, No. 25, pp. 59-62. Characteristics of 
low and high-carbon grades of chrome-nickel steels should be known before 
fusion operation is undertaken. 

The Fusion News (July, 1930), Vol. 2, No. 1. Welding Unbeveled Plates. 
Welding. and Cutting Nomenclature, Definition and Symbols. Control of 
Weld Properties, by R. W. Holt. 

Two Fundamentals of Aircraft Welding. K. Perkins. Acetylene Journal! 
(July, 1930), Vol. 32, No. 1, p. 22. 

Water Pipe Lines—Welding. Two Interesting Failures of Welded Patches 
on Large Steel Pipe. W. W. Brush. Water Works Eng. (July 2, 1930), Vol. 
83, No. 14, pp. 1013-1014. Causes of failure of two coupon patches afterward 
changed to welded form. 

Weld Large Acetylene Gas Line. Acetylene Journal (July, 1930), Vol. 32, 
No. 1, pp. 23-24. Oxy-acetylene process again proves its feasibility as a means 
of economically: installing a pipe line free from leakage losses. 

Welded Design in Boat Construction. J. G. Brown, Jr. The Welding Engi- 
neer (July, 1930), Vol. 15, No. 6, pp. 35-38. All-welded 60-ft. vessel, with 
leak-proof bulkheads, presented unusual problems in construction. 

Welded Joints—X-Ray Analysis. Radiographic Tests of Cast Metal and 
of Welds. H. H. Lester. Engrs. and Eng. (April, 1930), Vol. 47, No. 4, pp. 
77-80. Methods used in X-ray tests of welded joints at Watertown Arsenal. 

Welded Steel Structures—Construction. Detailing of Welded Steel Build- 
ings. E. C. Brown. Assn. of Iron and Steel Elec. Engrs.—Proc. for Yrs. 
1928-1929, pp. 504-505. 

Weided Steel Structures—Design. Remarks on “Rules for Design of Welded 
Steel Structures” (Remerkungen zu dem Entwurf der “Richtlinien fuer die 
Ausfuehrung geschweisster Stahlbauten”). K. Jurezyk. Elektroschweissung 
(Braunschweig) (April, 1930), No. 4, pp. 80-81. 

Welders Training. A Training Course for Arc Welders. S. Martin. Weld- 
ing (June, 1930), Vol. 1, No. 8, pp. 525-527. Outline of 40 lessons for welders. 

Welders Traininz. The Training of Operators in the Welding and Cutting 
Industries. J. Ryder. Machy. Market (London) (June 13, 1930), No. 1545, 
pp. 23-24. Need for expert operations; qualifications of good welder. Lecture 
delivered before Instn. Welding Engrs. 

Welded Trusses Developed for Bridge Floor Reinforcing. Engineering 
News-Record (July 3, 1930), Vol. 105, No. 1, p. 8. 

Welding—Fire Prevention. Fire Hazards in Cutting and Welding. C. W. 
Mowry. Welding Engineer (June, 1930), Vol. 15, No. 6, pp. 43-46. 

Welding—Prehzating Practice. Preheating Practices. Welding Journal] 
(London) (May, 1930), Vol. 27, No. 320, pp. 141-145. 

Welding in a Motor Truck Factory. J. C. Coyle. Welding (July, 1930), 
Vol. 1, No. 9, pp. 617-618. Colorado Corp. finds it an efficient and economical 
means of fabrication. 

Welding in Glider Construction. J.C. Coyle. The Welding Engineer (June, 
1930), Vol. 15, No. 6, pp. 39-40. The oxy-acetylene torch is used for welding 
jigs for assembling fuselages and tail surfaces, and for welding the com- 
ponent parts of the glider itself. 

Welding Jigs Require Careful Design. Iron Trade Review (June 12, 1930), 
Vol. 86, No. 24, p. 60. 

Welding Machinery and Steel Structures. A. M. Candy. The Welding En- 
gineer (June, 1930), Vol. 15, No. 6, pp. 41-42. Electric motors and generators 
and buildings and bridges, are cited as examples of expanding fields for the 

ler’s art. 

Velding Manganese Castings of Various Types Other Than Railway Cast- 

C. Parcher. Fusion Facts (July, 1930), Vol. 3, No. 8, pp. 10-12. 

Velding Procedure on Two Steel-Deck Roofs. Engineering News Record 

June 12, 1930), Vol. 104, No. 24, p. 972. 

Velding Revolutionizes Manufacturing. The Iron Age (June 19, 1930), 

125, No. 25, pp. 1818-1820. Shears, punches, rolls and welding equip- 
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— used to make grinding machine parts. Construction result in ng 
weight. 

Welded Joints—Testing. A. B. Kinzel and J. R. Dawson. Min. and 
(June, 1930), Vol. 11, No. 282, pp. 308-313. Destructive and Non-Dest: 
Tests of Welds. 

Welded Pipe Line in Mexico. Mechanical and Welding Engineer (March 
1930), Vol. 4, No. 3, p. 88. 165 miles in length. 

Welded Pipe Lines Under the River Yarra. D. E. Baldwin. Mechanica! an 
Welding Engineer (March 20, 1930), Vol. 4, No. 3, pp. 77-78. 

Welded Steam Piping. W. Tallmadge. Heating and Ventilating (June, 
1930), Vol. 27, No. 6, pp. 90-92. 

Welded Steel Construction for Bunkers. H. Hoepfner. Bautechnik (Ber 
lin) (March 14, 1930), Vol. 8, pp. 154-155. Details of welded steel con 
tion of three pulverized-coal bins measuring 5.5 by 5.5 by 4.5 m. high. 

Welded Steel Floor Plates in Modern Construction. Lee H. Miller. We: 
Coast Builder (May, 1930), Vol. 2, No. 5, pp. 10-11. 

Welded Steel Structures in Germany. A. Hilpert. Elektroschweissuny 
(Braunschweig), No. 1, pp. 5-8 (January, 1930). Are welding of buildings and 
bridges has gained considerable ground in Germany during past few mon 
review of German experimental and practical work in this field; recent app 
cations of are welding to crane construction. 

Welded Switchrack Built at Less Than Cost of Fittings. Electrical Wor!) 
(May 17, 1930), Vol. 95, No. 20, p. 979. 

Welded Truss Joints for Floor Construction. P. I. Baker. Welding (May, 
1930), Vol. 1, No. 7, pp. 462-463. Many advantages obtained by erecting » 
welding the steel framework of private homes. 

Welders, Sell Yourself and Your Industry. Miles C. Smith. Mechanica! and 
Welding Engineer (March 20, 1930), Vol. 4, No. 3, p. 96. 

Welding. J. Caldwell. Structural Engineer (London) (March, 1930), Vol 
8, pp. 104-110, and discussion pp. 110-116. Welded construction in Europe} 
welded steel structures in United States of America; welding and building 
codes; design of welded joints. Concluded. 

Welding. J. W. Urquhart. Heat Treating and Forging (May, 1930), Vol. 
16, No. 5, pp. 595-597 and 602. Welding as Perfermed at Present. Differen 
— of welding are given consideration and comparison is made betwe:: 
them. 

Welding Facts and Figures. D. Richardson and E. W. Birch. The Welding 
Journal (May, 1930), Vol. 27, No. 320, pp. 134-136. Handbook for welding 
engineers. Magnesium and magnesium alloys. Serial. 

Welding in Germany and America. J. W. Owens. Mar. Eng. and Shipping 
Age (April, 1930), Vol. 35, pp. 214-216. Continuation of review of paper “Em- 
ployment of Initial-Arc Welding in Shipbuilding,” by Lottmann, read befor: 
Schiffbautechnische Gesellschaft, translation of which was previously indexed 
from September, October, November and December issues of same Journal; 
comparison of cost of welding in German and American shipyards; table show- 
ing savings obtained by use of welding in ship construction. 

Welding Iron and Steel by Electric Arc. A. O. Tilton. Welding (February, 
1930), Vol. 1, pp. 229-231, and pp. 314-317 (March, 1930). 


Welding of Duralumin in Aircraft. E. Joyce. Welding (May, 1930), Vol. |, 


No. 7, pp. 447-453. Intensive research work done at the Naval Aircraft Fa 


tory has aided greatly in the successful welding of this metal. Experimenta! 


data on Duralumin. The heat treatment of welds. Important details for we!: 
ing Duralumin. How to prevent distortion. 

Welding on Large Oil Tanks. J. Lyall. Mechanical and Welding Enginee: 
(April 20, 1930), Vol. 4, No. 4, pp. 128-129. Details of welded floating roof. 


Welding Process for the Heating Contractor. Acetylene Journal (June, 


1930), Vol. 31, No. 12, pp. 505-506. 


Welding Schools in Australia. The Welding Journal (April, 1930), Vol. 2’, 


No. 319, pp. 106-108. Working Men’s College Exhibit at the All-Australia: 
Exhibition. Oxy-Acetylene and Electric Welding. 


Welding Society Adds Theory to Practical Research Work. Iron Trade Re- 


view (May 1, 1930), Vol. 86, No. 18, p. 125. Active discussion at Annual Mee' 
ing of A.W.S. centers on weld design and distribution of stresses. 
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X-Ray Control Production. W. S. Werner. The Iron Age (May 15, 1930), 
Vol. 125, No. 20, pp. 1466-1467. Welds profitably X-rayed. Fluoroscopic 
methods deseribed. Valuable aid in heat treatment. 


Welds—Testing. Fatigue Tests of Fillet Welds. R. E. Peterson and C. H. 
Jennings. Am. Soc. Testing Materials’ Advance Paper No. 40. Test data 
covering effects of machining, spacing and size of weld; tests were all made 
on rotating cantilever specimens 1 in. in diam.; it was found that fatigue 
strength of fillet weld could not be increased appreciably by machining radius 
at base of weld; spacing was found to reduce fatigue strength considerably. 


BOOKS 


A small book giving a synopsis of the report of the British Acetylene Assn. 
to the Tenth International Congress to be held July 9-12, 1930, on the “Prog- 
ress of Oxy-Acetylene Welding and Cutting in the British Empire,” is now 
available. This report covers the progress made since 1920 in all British 
Dominions where the oxy-acetylene process of welding and metal cutting are 
n extensive use. It includes information as to technical training, application 
of the process in industry and manufacture of equipment and materials. 


A pamphlet has just been issued by the Lincoln Electric Company, entitled 
“Automatic Are Welding by the Electronic Tornado Process.” The book con- 
tains information on automatic welding with the carbon arc and results of 
tests of strength and ductility. Other pages show the application of the 
Electric Tornado in various industries and record in detail the speed and cost 
attained by using this method. 
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Send us your specifications. 
e THE BASTIAN-BLESSING CO. 
252 E. ONTARIO ST., CHICAGO, ILL 











Compare Torchweld equipment 
point for point, test its perform- 
ance, its gas economy and its 
reliability on your welding or cut- 
ting, and you will quickly see why 
Torchweld is the best for your 


requirements. 


TORCHWELD EQUIPMENT COMPANY 
224 N. Carpenter St. Chicago, Illinois 


Write for Catalog No. 29. 














Mention the “Journal of the American Welding Society.” 














wie’ 


ee 
Be yah” Ya 


wah 


ae 


JOURNAL OF THE A. W. &. 


























THE BELL TELEPHONE SYSTEM IS ORGANIZED TO GIVE CONSTANTLY IMPROVED SERVICE... 
QUICK, ACCURATE, EASY TO USE 














What you want of the telephone 
it is our business to give 


An Advertisement of the American 


WHEN you order a telephone, you want 
it put in promptly. During the last five 
years the average length of time needed 
to have a telephone installed has been 
cut nearly in half. 

You want quick and accurate service, 
free from trouble. Good as the service 
was five years ago, today there are a third 
less troubles per telephone. During this 
same period there have been marked in- 
creases in the already high percentage of 
perfectly transmitted conversations. 

When you make a toll call, you want 
a prompt, clear connection. Five years 
ago 70 per cent of all toll and long dis- 
tance calls were handled while the calling 
person remained at the telephone. Today 
all but a very small per cent are 
handled this way. 

The Bell System is organized to 
give constantly improved service. 


Telephone and Telegraph Compan) 


Several thousand persons in the Bell Lab- 
oratories are engaged in research that im- 
proves the material means of telephony. 
The Western Electric Company, with 
plantsat Chicago, Kearny, N. J.,and Balti- 
more, specializesin the manufacture of pre- 
cision telephone equipment of the highest 
quality. From its warehouses all over the 
country, it supplies the millions of deli- 
cate parts for Bell System apparatus. 
The operation of the System is carried 
on by 24 Associated Companies, each 
attuned to the area it serves. The staff 
of the American Telephone and Telegraph 
Company is continually epee > better 
methods for the use of these operating 
companies. Your telephone service today 
is better than ever before. The 
organized effort of the Bell Syst 
is directed toward making it even 
better tomorrow. 


Our Advertisers Are Supporting the Society 








